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(54) PYRROLIDONES AND PROCESS FOR THEIR 

MANUFACTURE 

(71) We, HOECHST AKTIENGESELLSCHAFT, .a body corporate 
organised according to the laws of the Federal Republic of Germany, of 6230 Frank- 
furt/Main 80, Postfach 80 03 20, Federal Republic of Germany, do hereby declare 
the invention for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement: — 

The present invention relates to pyrrolidones and to a process for their 
manufacture. 

Prostaglandins are a group of natural substances which have been isolated from 
various animals tissues. In mammals, they are responsible for a variety of physiological 
effects. Natural prostaglandins have a hydrocarbon skeleton generally containing 20 
carbon atoms and differ predominantly from one another in the number of hydroxy 
groups and double bonds present in the cyclopentane ring (as to the structure and 
activity of prostaglandins, see inter aha M. F. Cuthbert "The Prostaglandins, Pharma- 
cological and Therapeutic Advances", William Heinemann Medical Books Ltd., 
London (1973)). . a 

Prostanoic acid analogues which do not occur naturally and in which^ the great 
variety of pharmacological effects of natural prostanoic acids is differentiated, and 
methods for their production, are gaining increasing importance. 

The present invention provides pyrrolidones which have the general formula I 
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0 
I 

OH 

in which 

R l represents a straight or branched chain, saturated or unsaturated, aliphatic 
hydrocarbon radical having up to 10 carbon atoms, or a cycloaliphatic 
hydrocarbon radical having 3 to 7 carbon atoms, which radicals may be 
unsubstituted or substituted by one or more of the following: 

a) a straight or branched chain alkoxy, alkylthio, alkenyloxy or alkenylthio 
group of up to 5 carbon atoms, 

b) a phenoxy group which may carry one or two substituents selected from 
optionally halogenated alkyl groups of 1 to 3 carbon atoms, halogen 
atoms, optionally halogenated phenoxy groups, and alkoxy groups of 
1 to 4 carbon atoms, 

c) a furyloxy, thienyloxy or benzyloxy group which may carry, in its 
nucleus, one or two substituents selected from optionally halogenated 
alkyl groups of 1 to 3 carbon atoms, halogen atoms, and alkoxy groups 
of 1 to 4 carbon atoms* 

d) a trifluoromethyl or pentafluoroethyl group, 
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) a cydoalkyl group of 3 to 7 carbon atoms, 

f) a phenyl, thienyl or furyl group which may carry one or two sub- 
stituents selected from optionally halogenated alkyl groups of 1 to 3 

5 a* !£?t hak 5? ai \ toms ' a ? ci afc°*y groups of 1 to 4 carbon atoms, 

3 K represents a straight or branched chain, saturated or unsaturated, aliphatic or 

cycloahphaac hydrocarbon radical having up to 6 carbon atoms, or an 
arahphatic hydrocarbon radical having 7 or 8 carbon atoms, and n represents 
ttie integer two, three or four, as well as the corresponding free acids and 
10 rtenSf ^P 6 "*" 7 ^ Physiologically acceptable e.g. metal or amine, salts 

or difl?rent. tW0 °' m ° re substituen,s 316 Present, *ey may be the same as each other 
aO a pyrrolidone of the formula II 

i c ^JS? pa ff pennon further provides a process for the manufacture of a 

13 pyrrolidone of formula I, wherein 
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30 



A. 

-NH 




OH 



is protected at the nitrogen atom by introducing a protective group (R 3 ), 
which can easily be spht off, thus yielding a p F rolidone of the formula III 



az) a pyrrolidone of the formula III 



(no 



is oxidized to yield an aldehyde of the formula IV 

Q w 

25 80 tte formuhV 11 ° f ***** ™ * reaCtCd "** a P hos P hoila ^ of 

O 

(R'0) 2 — P— CHj-C-R 1 V 

<! 

SLT^S? ^ de ^ ed as abov< ^ 311(1 R * "presents an unbranched alkyl 
group of 1 to 4 carbon atoms, to yield a compound of the formula VI 

CH-CH—C—/? 1 
II 
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aj in the so-obtamed compound of formula VI, the keto-carbonyl group is 30 
reduced to yield a compound of the formula VII 
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•I 

OH 

in which R l is defined as above^ 
as) in the compound of formula VII, the protective group linked to the 
nitrogen atom is split off to yield a compound of the formula VIII 

CH=CH-CH—R 1 
I 

OH 

in which R 1 is defined as above, or 
a 5 ) the pyrrolidone of formula II is oxidized to yield an aldehyde of the formula 
1 IX 



-NH 

(«) 



% NH 

U 

XHO 



10 as ) the protective group linked to the nitrogen atom of the aldehyde of formula 10 

u IV is split off to give an aldehyde of formula IX, 
a<j ) the so-obtained aldehyde of formula IX is reacted with a phosphonate of 
2 formula V to yield a compound of the formula X 

o 

y — nh w 



U 



CH^CH-C—R 1 
\ 
O 

15 in which R 1 is defined above, or 15 

a 6 ) in a compound of formula VI, the protective group linked to the nitrogen 

2 ' is split off to yield a compound of formula X, 
a« ) in a compound of formula X, the ketocarbonyl group is reduced to yield a 
8 compound of formula VIII, 
20 aj the alcohol function in a compound of formula VHI is protected with a 20 

group, which can easily be split off, under acid conditions, to yield a 
compound of the formula XI 

o 

> — NH 



CH^CH-CH-R 1 

I - 

OR 5 

in which R 1 is defined as above, and R B represents a protective group, which 
25 can be easily split off under acid conditions, 25 

a 7 ) the pyrrolidone of formula XI is deprotonized by means of a base at the 
nitrogen atom, and the thus-formed anion is reacted with a carboxylic acid 
derivative of the formula XII 

Y — CH 2 — CH= CH — (CH 2 )n — COOR 2 XII 

30 in which R 2 and n are defined as above, and Y represents a radical which 30 

can be substituted by a nucleophilic substitution reaction, to yield a com- 
pound of the formula XIII 
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\>R S 

in which R 1 , R 2 and n are defined as above, and R 5 represents a protective 
group, which can easily be split off under acid conditions, the resulting 
ester is optionally hydrolyzed to yield the corresponding acid of formula 
5 XIII, in which R 2 represents hydrogen, ^ 5 

a a ) the alcohol protective group R 5 in the compound of formula XIII is split 
off to yield a compound of formula I, and optionally this compound is 
converted into the corresponding free acid or a salt thereof, or 
a a .) the compound of formula VIII is deprotonized by means of a base, and the 
10 resulting anion is reacted with a carboxylic acid derivative of formula XII 10 

to yield a compound of formula I directly, or 
a, ) the pyrrolidone of formula XI is deprotonized at the nitrogen atom by 
1 means of a base, and the resulting anion is reacted with a carboxylic acid 
derivative of formula XII in which R 2 represents hydrogen, to yield a com- 
15 pound of formula XIII in which R 2 represents hydrogen, and the resulting 1 5 

add is optionally converted into an ester of formula XIII, and step a.) is 
carried out, or 

a, ) the alcohol protective group in the compound of formula XIII in which 
1 R 2 represents hydrogen, is split off to yield a compound of formula I, in 
20 which R 2 represents hydrogen, and this add is optionally converted into a 20 

salt or an ester thereof, or 
a 8 ) the compound of formula VIII is deprotonized by means of a base, and the 
u resulting anion is reacted with a carboxylic add derivative of formula XII, 
in which R 2 represents hydrogen, to yield directly a compound of formula I 
25 in which R 2 represents hydrogen, or 25 

b 2 ) into the pyrrolidone of formula II 

00 

an alcohol protective group R 6 , which can easily be split off under add 
conditions, is introduced tb~ yield a compound of the formula XIV 




-NH 

30 < I (*v; 



the pyrrolidone of formula XTV is deprotonized at the nitrogen atom by 
means of a base, and the resulting anion is reacted with an allyl halide to 
yield a .pyrrolidone of the formula XV- - 



(XV) ^C// z —o#* 



30 



35 bs) the so-obtained pyrrolidone of formula XV is ozonolyzed to yield an 35 

aldehyde of the formula XVI 



\\ W 
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b 4 ) the so-obtained aldehyde of formula XVI is reacted with an ylide of the 
formula XVII 

(R 7 ) 3 P= CH(CH 2 ) n COOMe XVII 

in which n is defined as above, R 7 represents identical or different groups 
selected from straight-chain alkyl groups of 1 to 4 carbon atoms and phenyl 
groups, and Me represents an alkali metal atom, to yield a compound of 
the formula XVIII 

7 N-CHz-CH-CH-CCH^-COQMc 



(xvui) ^ch 2 -oR 6 

and this compound is treated to set free the corresponding acid of the 
10 formula XIX 10 



(XIX) 



in which formulae n is defined as above, or 

b v ) tie protected pyrrolidone of formula XIV is deprotonized at the nitrogen 
atom by means of a base, and the resulting anion is reacted with a carboxylic 
15 acid derivative of formula XII, in which R 2 represents hydrogen, to yield 15 

a compound of formula XIX, 

b 6 ) the so-obtained compound of formula XIX is converted into the corres- 
ponding ester of the formula XX 



CH z -OR*> 

20 in which R 2 and n are defined as above, or 20 

b«,) the protected pyrrolidone of formula XIV is deprotonized at the nitrogen 
atom by means of a base, and the resulting anion is reacted with a carboxylic 
acid derivative of formula XII to yield the compound of formula XX 
directly, 

25 b 6 ) the protective group R fl in the so-obtained compound of formula XX is 25 

split off under acid conditions to yield an alcohol of the formula XXI 

\ 

J N-CHz-CH^CH-CCHzfeCOOR* 

in which R 2 and n are defined as above, and then the corresponding acid 

may optionally be set free, or 
30 b 6 .) esterification of a compound of formula XIX and splitting-off of the pro- 30 

tective group R 6 are carried out in a single step, or 
b 6 „) the pyrrolidone of formula II is deprotonized at the nitrogen atom by 

means of a base, and the resulting anion is reacted with a carboxylic acid 

derivative of formula XII to yield a compound of formula XXI directly, or 
35 b 6 ) the pyrrolidone of formula II is deprotonized at the nitrogen atom by means 35 

1 of a base, and the resulting anion is reacted with an allyl halide to yield a 

compound of the formula XXII 



J — N-CHz-Ctt-CH z 

(XX.) (\ 

^CHzOH 
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b 6 ) The so-obtained compound of formula XXII is ozonolyzed to yield a com- 
2 pound of the formula XXIII and/or its cyciisized tautomer of the formula 
XXIV 



<XXUl) 

(yxiv) 

or 



10 



b 6 ) the protective group R 6 is split off from a compound of formula XVI also 

to yield the compounds of formulae XXIII and/or XXIV, 
b 6 ) the compounds of formulae XXIII and/or XXIV is or are reacted with an 
yiide of formula XVII to yield a compound of the formula XXV 

o 

y — N-CH Z -CH= CH- {c/Zz)^ COOMe 
M \ I 10 

and the corresponding add of the formula XXVI 

o 

7 N-CH 2 -CH=CH- (CHz) 4J ^ r COOH 

\ I 

is set fire therefrom and optionally converted into an ester of formula XXL 
m which formulae XXV and XXVI n is defined as above, or 
be i J the pyrrolidone of formula II is deprotonized at the nitrogen atom by is 
means of a base, and the resulting anion is reacted with a carboxylic acid 
derivative of formula XII, in which R 2 represents hydrogen, or 
b ) the protective group R 6 is split off from a compound of formula XIX to 
3 a compound or formula XXVI, 



15 




CHO 



in which R 2 and n are defined as above, and optionally the corresponding 
add of formula XXVII (R 2 =H) is set free therefrom, 
25 bj the so-obtained aldehyde of formula XXVII is reacted with a phosphonate 25 

of formula V to yield a compound of the formula XXVIII 



II 
o 



30 



in Which R l , R 2 and n are defined as above, or 
b g ,) a compound of formula X is deprotonized at the nitrogen atom by means 

of a base, and the resulting anion is reacted with a carboxylic add derivative 30 
of formula XII to yield a compound of formula XXVIII directly, 
b 9 ) in the so-obtained compound of formula XXVIII, the ketocarbonyl group 
is reduced to yield a compound of formula I, and this compound is option- 
35 ally convened into the free add or a salt thereof, or 

\ ' ^ compound of formula XXVI is oxidized to yield an aldehyde of formula 35 
XXVII, in which R 2 represents hydrogen, and this is optionally converted 
into an ester of formula XXVII, 
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b 8 ) an aldehyde of formula XXVII, in which R 2 represents hydrogen, is reacted 
1 with a phosphonate of formula V to yield a compound of formula XXVIII, 
in which R 2 represents hydrogen, and this is optionally converted into an 
ester of formula XXVIII, or 
5 b a ) a compound of formula X is deprotonized at the nitrogen atom by means 5 

*' of a base, and the resulting anion is reacted with a carboxylic acid derivative 
of formula XII, in which R 2 represents hydrogen, directly to yield a 
compound of formula XXVIII, in which R 2 represents hydrogen, 
b e ) in a compound of formula XXVIII, in which R 2 represents hydrogen, the 
10 1 ketocarbonyl group is reduced, and the resulting compound of formula I, in 10 

which R 2 represents hydrogen, is optionally converted into a salt or an 
ester thereof. 

Among the meanings given for the substituents R l , R 2 and », the following are 
preferred: For 

15 R 1 a straightchain or branched chain, saturated or unsaturated, aliphatic hydro- 15 

carbon radical having up to 7 carbon atoms, or a cycloaliphatic hydrocarbon 
radical having 5 to 7 carbon atoms, which radicals may be unsubstituted or 
substituted by one or more of the following: 

a) a straightchain or branched chain alkoxy, alkylthio, alkenyloxy or 

20 alkenylthio group of up to 4 carbon atoms, 20 

b) a phenoxy group which may carry one or two" substituents selected 
from alkyl groups of 1 to 3 carbon atoms, trifluoromethyl groups, 
halogen atoms, optionally halogenated phenoxy groups and alkoxy 
groups of 1 or 2 carbon atoms, 

25 c) a thienyloxy or benzyloxy group which may carry one or two sub- 25 

stituents selected from alkyl groups of 1 to 3 carbon atoms, trifluoro- 
methyl groups, halogen atoms, and alkoxy groups of 1 or 2 carbon 
atoms, 

d) a trifluoromethyl group, 

30 e) a cycloalkyl group of 5 to 7 carbon atoms, 30 

f) a phenyl or thienyl group which may carry one or two substituents 
selected from alkyl groups of 1 to 3 carbon atoms, trifluoromethyl 
groups, halogen atoms and alkoxy groups of 1 or 2 carbon atoms, for 
R 2 a straight or branched chain alkyl group of 1 to 6 carbon atoms, a straight 
35 or branched chain alkenyl group of 2 to 4 carbon atoms, a cycloalkyl group of 35 

5 or 6 carbon atoms, or an andkyl group of 7 or 8 carbon atoms. 
Particularly preferred are the following substituents for 

R l a straight or branched chain alkyl group of 1 to 7 carbon atoms, a straight or 
branched chain alkenyl group of 3 to 5 carbon atoms, or a cycloalkyl group 
40 of 5 to 7 carbon atoms, which may be substituted by one or more of the 40 

following: 

a) a straight or branched chain alkoxy, alkylthio, alkenyloxy or alkenylthio 
group of up to 3 carbon atoms, 

b) a pheoxy group which may carry one or two substituents selected from 

45 methyl, trifluoromethyl and methoxy groups, chlorine and fluorine 45 

atoms, and optionally chlorinated or fluorinated phenoxy groups, 

c) a thienyloxy or benzyloxy group which may carry in its nucleus one 
or two substituents selected from methyl, trifluoromethyl and methoxy 
groups, chlorine and fluorine atoms, 

50 d) a trifluoromethyl group, 50 

e) a cycloalkyl group of 5 to 7 carbon atoms, 

f) a phenyl or thienyl group which may carry one or two substituents 
selected from methyl, trifluoromethyl and methoxy groups, chlorine and " 
fluorine atoms; for 

55 R 2 a straight chain alkyl group of 1 to 6 carbon atoms, a branched chain alkyl 55 

group of 3 to 5 carbon atoms, a straight chain alkenyl group of 2 to 4 carbon 
atoms, a cyclopentyl or cyclohexyl group, or a benzyl group, and for n the 
integer 3. 

The hydroxymethyl-pyrrolidone of formula II, used as a starting material in the 
60 process of the invention, may be prepared according to methods known in the art 60 
(cf. J. Amer. Chem. Soc 74, p. 851, (1952)). 

For this purpose, a glutamic acid is refluxed for some hours in the presence of 
an alcohol ROH and an acid catalyst t yield the 5-alkoxycarbonyl-pyrrolidone-(2) of 
the formula XXIX 
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COOR 

.(XXIX) 



o 

J—N-COOC 2 H S 



(XXX) 

is then obtained. 



10 



in which R is defined as above. 

This reaction can especially advantageously be carried out using concentrated 
sulfuric acid as a catalyst and n-butanol as the alcoholic component, since the reaction 
^^JF 1 se P arated b y me ans of a water separator during the reaction. 

The conversion of a compound of formula XXIX into a compound of formula II 
by catalytic hydrogenation is also disclosed in J. Amer. Chem. Soc. 74, p. 851 (1952). 
As the catalyst suitable for the hydrogenation, any one of numerous metals and noble 
mefcUs, for example, Raney nickel, copper chromium oxide and ruthenium oxide on 
rabon, may be used. The hydrogenation reaction is generally carried out at 100— 
250°C preferably at 140— 180°Q under a pressure of 150 to 250 atmsg., in a suitable 
solvent, preferably an alcohol, for example, methanol, ethanol or isopropanoL or an 
ether, for example, tetrahydrofuran or dioxane. 

The process of the invention mentioned sub (a) starts by introducing the pro- 
tective group R 3 at the nitrogen atom; this may be done, however, at praoically any i s 
stage preceding the alkylation reaction proper. The protective group may generally 
be split off at any stage preceding the alkylation reaction, but advantageously at the 
last step preceding the introduction of the carboxy side chain. 

The protective group may best be introduced into the compound of formula II, 
preferably by converting the lactam into the corresponding carbamic acid ester, for 
example by means of chloroformic acid ethyl ester under alkylating conditions, for 
example an dcoholate in ethyl alcohol, sodium amide in benzene or toluene, potassium 
hydroxide in dimethylsulfoxide. From the compound of formula IL for example a 
compound of the formula XXX F 



20 



25 



Further protective groups which may be used are, for example, the benzyl group, 
the tert.-butyl group, the trimethyl-silyl group or the formyl group. 

The oxidat * on °* me compound of formula III yielding the compound of formula 
30 IV may be carried out using an oxidizing agent as currently used for the oxidation of 
aliphatic alcohols to aldehydes. Some methods are disclosed in Houben-Weyl, Vol. 

P a gc 159. Further suitable oxidants are the complex compounds obtained from 
thio-ethers, for example, dimethylsulfide or thioanisole with chlorine or N-chloro- 

« ^n^J m ^ e ( ?- J ' Amcr - Chem ' Soc - 94 > P' 7586 < 1972 )> J- 0r &- Chem. 38 9 p. 1233 

30 (1973)). Furthermore, an oxidation with dimethylsulfoxide under various conditions is 
also applicable (cf Chem. Rev. 67, p. 247 (1967)). 

> An especially preferred process is the oxidation with the complex compound of 

chromium trioxide and pyridine which is prepared in an inert solvent, preferably 
methylene chloride, and then mixed with a solution of the alcohol of formula III at 

40 —20 to +20°C. The oxidation is speedy and is generally complete after 5 to 45 
minutes, when following the indications given in J. Org. Chem. 35, page 4000 (1970), 
or J. Org. Chem. 26, page 4814 (1961). The aldehyde of formula IV may be used 
without further purification for the next reaction step, or, where required, may be 
purified by column chromatography. 

45 The reaction of the phosphonate of formula V with the compound of formula IV 45 

may be carried out under the conditions usual for the Horner reaction, for example 
in an ether at room temperature. As the ether, there is preferably used diethyl ether, 
tetrahydrofuran or dimethoxyethane. The phosphonate is preferably used in an excess, 
to ensure a complete reaction. 

50 The reaction is generally complete after 1 to 5 hours at room temperature. The 50 

reaction product is generally isolated and purified by the usual methods. Details con- 
cerning the handling of this reaction are given in J. Amer. Chem. Soc. 83, p. 1733 
(1961). The phosphonates of formula V are either known (cf. J. Org. Chem. 30, p. 
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35 



40 
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680 (1965)) or may be prepared in a manner analogous to the known methods (for 
example, J. Amer. Chem. Soc. 88, p. 5654 (1966). 

The compound of formula VII may be obtained by treating the compound of 
formula VI with a reducing agent. Such a reducing agent is any substance capable of 

5 selectively reducing a keto group to a hydroxy group, preferably a complex metal 5 
hydride, especially a borohydride, for example sodium borohydride, zinc borohydride 
or lithium perhydro-9b-boron phenalkyl hydride (J. Amer. Chem. Soc. 92, p. 709 
(1970)), or a complex aluminium hydride, for example sodium-bis-(2-methoxy-euioxy)- 
diiminium hydride. The reduction is generally carried out at a temperature of from 

10 —10 to 50°C in a solvent which is inert towards the hydride, for example, an ether, 10 
for example diethyl ether, dimethoxyethane, dioxan, tetrahydrofuran or diethylene- 
glycol dimethyl ether; or a hydrocarbon, for example benzene, or in a mixture of an 
alcohol and water, for example methanol/water. 

The isomeric a- and ^-hydroxy compounds resulting from this reduction may be 

15 separated into the two isomers by the usual chromatographical methods. The sub- 15 
sequent reactions can also be carried out using a mixture of these two isomers, so that 
a separation into <x- and j9-hydroxy compounds can be performed at any stage follow- 
ing the reduction. 

In the case where R 3 represents the group COOC2H5, it is possible in the pre- 
20 paration of the compound of formula VIII to split off the protective group by saponifi- 20 
cation and subsequent decarboxylation, for example by a treatment with an acid 
or a base in water, an alcohol or an aqueous alcohol. The fonnyl group may also be 
eliminated in this manner. The benzyl group is eliminated by a treatment with an 
acid, for example boron trifluoride etherate in glacial acetic add, or by catalytic 

25 hydrogenation, whereas the tert-butyl group is split off by means of high tempera- 25 
tures, for example of from 90 to 250°C. The splitting-off reaction may be carried out 
on any of the compounds of formula IV, VI or VII but advantageously on the com- 
pounds of formula VI or VII. 

The removal of the protective group from the compound of formula VI yields 

30 the pyrrolidone of formula X, which may, however, be obtained more directly from 30 
5-hydroxymethyl-pyrrolidone of formula II. The compound of formula II can be 
oxidized as described above for the conversion of compound III into compound IV to 
yield the compound of formula IX, which can also be obtained by splitting off the 
nitrogen protective group from compound IV and this can be reacted under the 

35 conditions of a Horner reaction (see conversion of IV into VI) in the presence of a 35 
phosphonate of formula V to yield a compound of formula X, The reduction of the 
Ketocarbonyl group in this compound in the manner described above (conversion of 
VI into VII) provides the compound of formula VIII. 

The alcohol function in the compound of formula VIII can conveniently be 

40 protected by any protective group easy to split off, especially by one of those 40 
mentioned in the disclosure for the conversion of compound II into compound XIV. 
For the conversion of a compound of formula VIII into a compound of formula XI, 
the particularly suitable protective groups are those which are introduced by acid 
catalysis, predominantly by reaction with an enol ether. As the enol ether, 2,3-dihydro- 

45 pyran, ethyl vinyl ether or methylisopropenyl ether, and as die acid catalyst /^-toluene- 45 
sulfonic add or sulfuric acid are espedally suitable. The reaction is advantageously 
carried out in a solvent, for example diethyl ether, dioxane or benzene, at temperatures 
of from -10 to +60°G 

The pyrrolidone of formula XI is alkylated by means of a carboxylic add deriva- 

50 tive of formula XII according to the usual methods, by deprotonizing the nitrogen 50 
atom by means of a suitable base, for example sodium or potassium hydroxide, sodium 
or potassium amide, sodium hydride, potassium tert.-butylate, lithium diisopropyl 
amide or lithium cyclobexyl-iso-propyl amide amide, and then adding the alkylating 
agent in substance or in solution in the corresponding solvent. 

55 As the substituent Y in the compound of formula XII, the add radical of 55 

methane-sulfonic acid, p-bromobenzene-sulf onic acid or p-toluene-sulfonic acid is 
especially suitable as is chlorine, bromine or iodine, bromine and chlorine being of 
outstanding importance in this connection. 

The reaction of a base with the compound of formula XI is carried out with 

60 exclusion of air and moisture since the base and the resulting anion are sensitive to 60 
air and moisture. As the solvent, there is preferred an aprotic polar liquid which has a 
sufficient dissolving power at low temperatures and which is inert under the reaction 
conditions. Where required to reduce the solidification point, there may be used a 
mixture of two or more solvents preferably ethers, for example, dimethyl ether, diethyl 
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S5»S?ffiS5SJS?512S df ~ n * gIycoi ^ ether ' dimeth y 1 - 

frnn,™ m'^T™^^ 1 * 68 - g f ne ? Hy range fr <H° ~30°C to +80°Q preferably 
from -10 to +50°C in parucular from 0°C to room temperature. Tte Son % 
generally earned out by adding a solution of the pyrrolidon? oflormuk^ 

TSSZJT* *l b " c " ° De of ^ solvent soTm SuSm 

tne temperature range desired for the reacuon; the components may also be added to 
one another vice versa. 

The alkenyl derivative of formula XII is then added to the frozen solution thus 
obtained so that the temperature range of the reaction mixture is not substantially 
exceeded as a result of the exothermic reaction. 

After the addition the mixture is generally stirred for half an hour to 12 hours 
and then worked up, for example by adding a determined amount of water to the 
rea:oon mixture, separating the organic phase, extracting the aqueous phase several 
times with an organic solvent, drying the combined organic phases and concentrating 
them. In a few cases, the residue can be purified by a high-vacuum distillation, in 
most cases only by column chromatography. In many cases, the products are obtained 
in such a pure state that purification is unnecessary. 

To split off the alcohol protective group R 5 for the conversion of the compound 
of formula XIII into a compound of formula I or into the corresponding acid, the 
usual reactants and reaction conditions are used. In the compound of formula XIII, 
the alcohol function is preferably protected by an acetal group which is split off, in 
the simplest case, by an acid hydrolysis with dilute aqueous/alcoholic acid, preferably 

^^^ US * al ^ ll l acid5 at 10 - 50 °C. or by heating it with 60-70% acetic acid 
at 50— 60°C to yield the compound of formula I. /c 
™*?S*f- ding reaction conditions, either an ester of formula I or the 

corresponding acid is obtained, which may then, optionally, be converted into a further 
derivative, for example, a metal or amine salt, ester, or an other ester as appropriate. 

The above alkylation reaction for the conversion of the compound of formula XI 
into the compound of formula XIII may also be carried out using die carboxylk acid 
corresponding to formula XII (R*=H), and the resulting compound of formula XIII 
(K — H) may be converted into compounds of formula I (R*=H) by splitting off the 
akohol protective group. In the same manner, the compound of formufc VIII may be 
alkylated as above opuonahy using either a carboxylk acid ester derivative of formula 
XII or a carboxyhc acid derivative of formula XII (R*=H). In this case, the com- 
pound of formula I is obtained in a single step. 

t i SK ™ d reaction method (b) of the invention also starts from 5-faydroxy- 
methyl £yrrohdone-(2) of formula II. It starts by introducing the alcohol protective 
group R« to yield a compound of formula XIV. F 

Suitable protective groups R 6 for the hydroxymethylpyrroUdohe, are those groups 
SS n Can - f prions, for example by acid hydrolysis or Iya£ 

genation, m particular the allyl, benzyl, tert.-butyl and chloromethyl groups, as well as 
enol ether groups (cf. J. Org. Chem. 38, 3224 (1973); Tetrah. Lett 107 (1972)) 

ITie alcohol group may alternatively be protected by an acyl group, advantage- 
ously by reaction with acetic anhydride in pyridine at -10 to +20°C 

It is however preferred to form an acetal, by reacting the alcohol of formula II 
with an enol ether, for example 2,3-dihydropyran, ethylvinyl ether or methyl-tso- 
propenyl ether, m an aprotic solvent in the presence of a catalytic amount of a strong 
acid, for example, a mineral acid, for example hydrochloric acids sulfuric acid or 
phosphorus oxj-chlonde; a Lewis add, for example boron trifluoride etherate; or an 
organic acid, for example, p-toluene-sulfonic add or trifluoroacetic add. 
. * s ™ e , s ° lv f nt ' 311(1 aromatic hydrocarbons, for example, pentane and 

benzene; halohydrocarbons, for example, chloroform, and methylene chloride; nitriks, 
for example acetonitrue; and ethers, for example diethyl ether or dioxane, have proved 
to be useful The reaction is preferably carried out at -10 to +60°C for a period 
of from 1 hour to about 24 hours. To isolate the compound of formula XIV the 
reaction mixture is generaUy shaken with a sufficient amount of an acid binder, prefer- 
ably a saturated aqueous sodium bicarbonate solution, or if water is to be excluded, 
for example tnethylamme is added, the organic phase is dried by means of sodium 
sulfate, and the product is purified, after elimination of the solvent, by high-vacuum 
distilktion or by column chromatography. 3 v " l ' UUIU 

The subsequent alkylation reaction is carried out as described for the reaction of 
the compound of formula XI to yield the compound of formula XIII, die alkylating 
agent being however, an allyl halide, preferably allyl chloride or allyl bromide 

lbe olefin of formula XV may be converted into the aldehyde of formula XVI 
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by ozonolysis as disclosed in the art [cf.-Chem. Rev. 58. p. 990 (1958), Tetrah. Lett., 
36, p. 4273 (1966)], for example, in the following manner: 

The olefin is dissolved, optionally with the exclusion of moisture, in a determined 
amount of methanol, with which a halogeno hydrocarbon, for example methylene 

5 chloride, may optionally be admixed Into this solution, the equivalent amount of 5 
ozone is introduced at a temperature of from —100 to — 50°C, preferably at — 70°C 
A slight excess amount of ozone does not influence the yield. Excess ozone is then 
expelled by an inert gas, dimethyl sulfide is added to reduce the products obtained by 
the ozonolysis, and stirring is continued for about 1 hour at — 10°Q 0°C and 20°Q 

10 respectively. 10 
To isolate the aldehyde, the solution is generally concentrated in vacuo at the 
lowest possible temperature, the residue is optionally treated with a saturated sodium 
bicarbonate solution, and the product is then extracted with an appropriate solvent, 
preferably benzene, or directly chromatographed. 

15 The aldehyde of formula XVI is used either directly for the subsequent Wittig 15 

reaction or after purification, for example by column chromatography. 

The compound of formula XIX is obtained by reacting a phosphonium ylide of 
formula XVII, in which R 7 preferably represents a phenyl group, with the aldehyde 
of formula XVL in an appropriate solvent The phosphonium ylides and the phos- 

20 phonium salts, from which they are derived, may be prepared according to methods 20 
analogous to those described in the art [J. Amer. Cbem. Soc. 91, p. 5675 (1969)]. 

For the preparation of the ylide, there may be used an inorganic base, for 
example, sodium hydride, sodium amide, lithium amide or potassium tert-butylate, 
or an organic base, for example, an alkali metal organic compound, for example lithium 

25 butyl or lithium di-isopropyl amide, or the sodium salt of dimethyl sulfoxide. 25 
As the solvent, there may be used an ether, for example, diethyl ether, tetra- 
hydrofuran, or diethylene glycol dimethyl ether; a di-lower alkyl sulfoxide ,for example 
dimethyl sulfoxide; or an amide of a carboxylic acid, for example dimethylformamide, 
or di-methyl-acetamide. 

30 The solvent preferred is dimethyl sulfoxide, and as the base, the sodium salt of 30 

dimethyl sulfoxide is preferably used. Under these conditions, cts-double bonds are 
preferentially formed. 

The preparation of the ylide and the subsequent reaction with the aldehyde may 
be carried out without isolation of intermediate products, for example in the following 

35 manner: 35 
The solution of the phosphonium salt is added at room temperature, with the 
exclusion of humidity and under an inert gas, to one equivalent of a base which is 
also dissolved in an aprotic solvent, for example dimethyl sulfoxide. After stirring for 
about 1 hour, a solution of from 0.30 to 0.95 equivalent of the aldehyde is added. The 

40 reaction is complete after 2 to 24 hours. The solution is acidified with a mineral acid 40 
at —5° to +5°C, the acid is extracted from the reaction mixture with a suitable 
solvent, for example an ether, methylene chloride or benzene, the organic phase is 
dried and concentrated. To separate by-products and the phosphine oxide, the acid 
is reconverted into the alkali metal salt thereof, and the aqueous phase is extracted 

45 with a suitable solvent. From the aqueous phase, the carboxylic acid of formula XIX 45 
is isolated by acidification and extraction again with an appropriate solvent. 

To separate the triphenyl phosphine oxide and the diphenyl-<i>-hydroxy-carbonyl- 
alkyl-phosphine oxide obtained by hydrolysis of excess ylide, the crude material may 
be dissolved in ether, preferably diethyl ether, and the phosphine oxides are allowed to 

50 crystallize at temperatures below — 20°C Under these conditions, the desired reaction 50 
products remain in a dissolved state and are separated together with the solvent from 
the contaminants. 

The esters of formulae XX and XXI may be prepared according to methods 
analogous to those described in the art. For example, the acid can be esterified with 

55 the corresponding alcohol in the presence of a strong acid, for example, sulfuric acid, 55 
hydrochloric acid, p-toluene~sulfonic acid, trifluoroacetic acid, optionally in the 
presence of an entrainer for the resulting water, the alcohol being used in excess. 
Under these conditions, the protective group R 6 is simultaneously split off, and the 
compound of formula XXI is obtained directly. In contradistinction thereto, esterifica- 

60 tion with an alcohol in the presence of a carbodiimide does not attack the protective 60 
group R*. The reaction with a diazoalkane, preferably diazomethane, in an inert 
solvent, leads to the same result as does the reaction or the sodium salt of the acid 
with an alkyl halide in a polar solvent, for example dimethylformamide. 

As indicated above, the splitting-off reaction f the protective group R G and the 

65 esterification can be carried out in a single step. Alternatively, the ester of formula XX 65 
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is heated to 50— 80°C for about 30 minutes in an alcohol, for example, methanol, 
ethanol or isopropanol, in the presence of an acid catalyst to split ff the protective 
group. The compound of formula XXI is then neutralized and isolated by extraction 
5 ether ^ appropmte solvent > for example methylene chloride, chloroform or diethyl 

vre Wil ? 1 . alcohol protective group is split off from the compound of formula 
XIX mainly in an aqueous medium in the presence of one of the above acid catalysts, 
the hydroxy-carboxylic acid of formula XXVI is obtained, which again may either be 
estenfied or used direcdy for further reaction steps. 
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..J* 6 compounds of formula XIX, XX, XXI and XXVI may also be obtained by 10 
alkylating the compounds of formulae XIV or II with a carboxylic acid ester derivative 
of formula XII or a carboxylic acid derivative of formula XII (R 2 =H), the alkylation 
conditions given for the compounds of formula XI being accordingly applied to these 
reaction steps. 



15 The aldehydes of formula XVI may be cydisized slowly to give the lactols of the 

formula XXIV while splitting off the corresponding protective group: 



15 



^— N-CH z -ctt=CHz. \ — N^y°" 

(xxiv) 

This i cyclization reaction may generally be carried out in a solvent, for example. 
20 f OT "T"* example chloroform; in an eKrSk 

20 diethyl ether, or dioxane; or in an alcohol, for example methanol orSanoWhhor 20 

oTt ?JZi2ff$ f ° r CXampIe caaaatta ^ acid, p-toluenSonic acM 

uTe»Sn?S e 4 de 65 3t * temp£ratUre of from "10° tithe boiling point 

25 AirrJ^l COm P? u ? d8 ? f i 0 ™^ 6 XXni ^ respectively, may be obtained 

JS 5? ^ ff, ±e 5 -MroxymethyI-pyrroDdone-Z of formula II, without intro- 25 

£ ^ P rotecUve 8~ U P **> with an allyl halide. The conditions giwn 

for the conversion of the compound of formula XI into compounds of formula XIII 
n l5f aPP ^ t0 ^ ^uctum of * e allyl group into compounds of formula 
5 d£j*2 Preferably including the use of potassium hydroxide as a base 

in dimethyl sulfoxide at a temperature of from +10° to +40°C 

0 ? mp ^ U f ? f for , mula XX ° resultin g from this reaction 'can then be sub- 
"^° r f ozonolysis analogous to that described for the compounds of formula XV 
SLSJiJS ~™ spondm g aldehyde °f formula XXIII which: however, has only a 
poor stability m the open form and has generally already cyclisized during the work-up 
giving die compound of formula XXIV. This cyclization may optionauyT* completed 
by applying the conditions given for the conversion of the compound of forTuTaXVI 
mm die compound of formula XXIV. The compounds of fomulae XXIII and/or 
XXIV can be subjected to a Wittig reaction as described already above for the 

40 STXXV anTxXvf 1 - ™ S ^ * lds * e ^titf 

The already-mentioned conditions for the reaction sequence mcludine oxidation 

«TS5 i ^ a f n u° r 111 mto c ? m P ou «ds of formula XHI-may accordingly be applied 
of f™f a r^* 6 COmP ° UndS i f ^a XXI or XXVI yielding the compH 
^TL™'. 1 ^ 1 "T*' * erefore » « *e ester of formula XXI or thVfree 
acid of formuh XXVI is used or if, at one of the three steps, an acid is esterified or 
an ester is hydrolyzed to yield the acid. It has, however, proved to be useful [ toW 

^fJ^ pOl ^u 0WIV ? w ? re ? ction mto various derivatives only on the final 
product, unless it is brought about by the reaction conditions applied. 

arr for 2^ ^Tl k ° a ^ A ? ut according to the methods known in the 50 
art, for example described already for the conversion of the compound of formula 
XIX into a compound of formula XX or XXI. 

- ™ e reduction of the keto group introduced by the Homer reaction yields a 
mixture of «- and ^-isomers as concerns the resulting secondary hydroxy groups The 

HEMEJi" tW °. andp0d | 8 / llay * brou g ht ab ° ut either* the pmdS?rSultin| 55 
£S,vSf ^ I " Ct ? 0n m T <? f ^ subsequent reaction steps. This means that all thf 55 
S A? fc?3 * £ d W ° f ^^yl g'oup, for example conversion 
"zJT free acia r estenfication or conversion into metal or amine salts, can be 
earned out either on the pure «- and ^-isomers and on a mixture of a- and ^-isomers? 
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Unless the separate reaction products are already obtained in a pure state it is 
advisable to purify them, for example by means of column, thin-layer or high-pressure 
fluid chromatography. 

The compounds of formula I have two asymmetric centres, namely the carbon 

5 atom carrying the secondary hydroxy group and the carbon atom neighboring the 5 
nitrogen atom in the five-membered ring, which corresponds to the 5-position in the 
pyrrolidone ring. Since none of the reaction methods indicated provides sterically 
homogeneous products, the present invention relates to all compounds of formula I, 
irrespective of the steric arrangement at the various carbon atoms. As well as the two 

10 above-mentioned optically isomeric carbon atoms, this also applies to geometrically 10 
isomeric compounds with regard to the two double bonds. Generally, it is true to say 
that the Horner reaction, due to the reaction conditions applied, mainly yields a trans- 
type compound, and the corresponding cw-type product, which is obtained to a minor 
extent only may be eliminated by chromatographic purification steps. Similarly, the 

15 Wittig reaction for the introduction of the carboxy side chain yields mainly the 15 
corresponding cts-olefin. In this case, the *roHs-olefin obtained as a by-product can be 
separated by corresponding purification operations. 

The geometry of the double bonds predetermined in the carboxylic acid deriva- 
tives of formula XII is transferred by the alkylation reaction to the final products. 

20 This means that, when a ^raws-type derivative of formula XII is used, the final product 20 
carries the rro«s-double bond in the carboxy side chain. Accordingly, the same applies 
to the use of a cts-type derivative of formula XII. 

Owing to the possibilities of introducing the two double bonds, it can be stated 
that the geometry of the two double bonds is homogeneous. The mixture of two 

25 diasteromers due to the two optically isomeric carbon atoms can be separated, in the 25 
case of crystallizable derivatives, into the two racemic diasteromers by fractional 
crystallization or by means of chromatographic methods, for example column, gaseous- 
phase or medium- or high-pressure fluid chromatography. The splitting of the race- 
mates into the optically active compounds can be brought about according to the 

30 generally used methods, for example, by treatment of the compounds of formula 30 
I (R 2 =H) with an optically active base, for example brucine. 

According to the process of the invention, the following compounds may preferably 
be prepared in addition to the compounds mentioned in the Examples: 

TABLE A 

35 1 - [6 - n - butoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - (E) - 35 

1 - octen - 1 - yl] - pyrrolidone - 2, 

- [6 - n - hexyloxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - (E) - 
1 - octen - 1 - yl] - pyrrolidone - 2, 

- [5 - ethoxycarbonyl - (Z) - 2 - penten - 1 - yl] - 5 - [3 - hydroxy - (E) - 1 - 

40 octen - 1 - yl] - pyrrolidone - 2, " 40 

[7 - ethoxycarbonyl - (Z) - 2 - hepten - 1 - yl] - 5 - [3 - hydroxy - (E) - 1 - 
octen - 1 - yl] - pyrrolidone - 2, 

[6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - (E) - 1 - 
hexen - 1 - yl] - pyrrolidone - 2, 
45 1 - [6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - (E) - 45 

1 - undecen - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 
(E>E,E) - 1,4,6 - octatrien - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - (Z) - 2 - hexen - 1- yl] - 5 - [3 - hydroxy - 4 - 

50 methyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 50 

[6 - carboxy - (Z) - 2 - hexen - l-yl]-5-[3- hydroxy - 3 - cyclopentyl - 
(E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

[6 ■> carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [2 - hydroxy - 3 - cyclohexyl - 
(E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 
55 1 - [6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - 55 

ethoxy - (E) - 1 - penten - 1 - yl] - pyrrolidon - 2, 

- [6 - n - hexyloxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [ - hydroxy - 
6 - methylmercapto - (E) - 1 - hexen - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - isobutyl- 

60 oxy - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 60 

- [6 - carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - allyl- 
mercapto - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
methylphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 
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- [6 - meftoxycarbonyl-(Z)-2-hexen-l-yl] -5- [3 - hydroxy - 4 - (4 - 
chtorophenoxy) - (E) - 1 - buten - 1 -yl] - pyrrolidone -2, 

" Va ' me ™«y«^b«nyl - (Z) - 2 - penten - 1 - yl] - 5 - [3 - hydroxy - 4 - 
(4 - methoxyphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- 16 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxf - 4 - (4 - 
phenoxyphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
chlorophenoxy - phenoxy) - 4 - methyl - (E) - 1 - buten - 1 - vll - 
pyrrohdone - 2, 11 

- [6 - ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
(3 - chlorophenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - iso - propoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 

pyrro^ne^? " 4 " ' ' (E) " 1 " buten " 1 " « ' 

- [6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
benzyloxy - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

" [ ™riS 0 T^? ny V ( ? "Js " ^ " 1 " yl] ' 5 - [3 - hydroxy - 4 - (5 - 
methyl - 3 - thienyloxy) - (E) - buten - 1 - yl] - pyrrolidone -2, 

- [6 - ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4,5 - 
dimethyl - 3 - thieny oxy) - (E) - 1 - buten - 1 - yl] . pyrrolidone - 2, 

- [5 - ethoxycarbonyl - (Z) - 2 - penten - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
fluorobenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (Z) -2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (3 - trifluoro- 
methylbenzyloxy)-(E)-l.buten-l-yl]-pyrroUdone-2, 

- [6 - n - hexyloxycarbonyl) - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
(4 - methoxybenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [ 6 - carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (2 - chloro - 4 - 
methyl - benzy oxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone -2, 

' { i luT ^ " ® r 2 - hex fn -1 - yl] - 5 - [3 - hydroxy - 7 - trifluoro- 
methyl - (E) - 1 - hepten - 1 - yl] - pyrrolidone - 2, 

- [6 - memoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - 
cyclopentyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - ramoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [4 - hydroxy - 4 - 
qrdoheptyl - (E) - 1 - buten - 1 - yl] - pyrrohdone - 2, 7 7 

- [6 - ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
chlorophenyl) - (E) - 1 buten - 1 - yl] - pyrrolidone - 2, ^ 1 

" K I * m 0 ^^ 1 ; 2 - hexen - * - rf] - 5 - [3 - hydroxy - 5 - 
(3,4 - dichlorophenyl) - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

" f ?m "f™* " ® ", 2 - £ exen - 1 " Vll " 5 - [3 - Mrexy - 5 - (4 - toluyl) - 
(E) - 1 - penten - 1 - yl] - pyrrolidone - 2, * 

- [6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 

5 - methyl - 3 - Aienyl) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (Z) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4,4 - dhnethyl - 
5 - (4 - methoxyphenyl) - (E) - 1 - penten - 1 - yl] - pyrrohdone - 2, 

' ~£ ' ^y^^ 1 - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - (E) - 
1 - octen - 1 - yl] . pyrrolidone - 2, ' 1 

- [6 - n - hexyloxycarbonyl - (E) - 2 - hexen - 1 
(E) - 1 - octen - 1 - yl] - pyrrolidone - 2, 

- [5 - ethoxycarbonyl - (E) - 2 - penten - 1- yl] 
1 - octen - 1 - yl] - pyrrolidone - 2, 

- [7 - ethoxycarbonyl - (E) - 2 - hepten - 1 - yl] 
1 - octen - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy -(E)- 
1 - hexen - 1 - yl] - pyrrohdone - 2, 

■ [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy -(E)- 
1 - undecen - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 
(E,E,E) - 1,4,6 - octatrien - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
methyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 



yl] - 5 - [3 - hydroxy 
5 - [3 - hydroxy - (E) - 
5 - [3 - hydroxy -(E)- 



[6 1 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 3 - cyclopentyl - 
(E) - 1 - buten - pyrrohdone - 2, 

[6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 3 - cydohexyl- 
(E) - 1 - buten - 1 - yl] - pyrrohdone - 2, 
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- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - 
ethoxy - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - n - hexyloxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 
6 - methylmercapto - (E) - 1 - hexen - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - isobutyl- 5 
oxy - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - allyl- 
mercapto - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - methyl- 
phenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 10 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 • 
4 - chlorophenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [5 - methoxycarbonyl - (E) - 2 - penten - 1 - yl] - 5 - [3 - hydroxy - 4 - 
(4 - methoxyphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - methoxycarbonyl - ( E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 15 
(4 - phenoxyphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
chlorophenoxy - phenoxy) - 4 - methyl - (E) - 1 - buten - 1 - yl] - 
pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (3 - 20 
chlorophenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - iso - propoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
(2 - chloro - 4 - methyl - phenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 
2, 

- [6 - methoxycarbonyl - (E ) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 25 
benzyloxy - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (E) - 2 - hexen - l-yi]-5-[3- hydroxy - 4 - (5 
methyl - 3 - thienyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4,5 
dimethyl - 3 - thienyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 30 

- [5 - ethoxycarbonyl - (E) - 2 - penten - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 
fluorobenzyloxy - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (3 - trifluoro- 
methylbenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- 6 - n - hexyloxy - (E) - 2 - hexen - 1 -yl] - 5 - [3 - hydroxy - 4 (4 - 35 
methoxybenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (2 - chloro - 
4 - methyl - benzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 7 - trifluoro- 
methoxy - (E) - 1 - hepten - 1 - yl] - pyrrolidone - 2, 40 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - 
cyclopentyl - (E) - 1 - penten - 1 - yl] - pyrrofidone - 2, 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - 
cycloheptyl - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - ethoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (4 - 45 
chlorophenyl) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, 

- [6 - n - butoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - 
(3,4 - dichlorophenyl) - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 

- [6 - carboxy - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 5 - (4 - toluyl) - 
(E) - 1 - penten - 1 - yl] - pyrrolidone - 2, 50 

- [6 - methoxycarbonyl - (E) - 2 - hexen - 1 - yl] - 5 - [3 - hydroxy - 4 - (5 - 
methyl - 3 - thienyl) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2, and 

- [6 - carboxy - (E) - 2 « hexen - 1 - yl] - 5 - [3 - hydroxy - 4,4 - dimethyl - 5 - 
(4 - methoxyphenyl) - (E) - 1 - penten - 1 - yl] - pyrrolidone - 2. 

The compounds of the invention have an activity which is both spasmogenic and 55 
spasmolytic, for example they have bronchodilatatory and antihypertensive properties, 
they are able to inhibit the secretion of gastric juice and they have abortive effects. 
They may therefore be used as drugs. 

The compounds of formula I may be employed in pharmaceutical preparations 
as free acids, in the form of the physiologically tolerable inorganic or organic salts 60 
thereof or as esters of aliphatic, cycloaliphatic or araliphatic alcohols, in admixture or 
conjunction with a pharmaceutically suitable carrier. 

As inorganic salts, there may be used, for example, alkali metal salts, alkaline 
earth metal salts or ammonium salts; for a formation of salts with organic bases, there 
may be used bases derived from primary, secondary or tertiary amines which may 65 
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prererame unit: 3 t0 m ~ 

daily dosage unit: 0 .3 to 30 mg 

Antihypertensive effect: 6 



contain further hydrophilic groups; for example salts with methyl, triethvL benzyl 
phenylethyl, or ally! amine or also with pipendine, pyrrolidine, morSoSoVS 
ertanolamme tnemanoWne, tximeAamine; as esters/Acre are prefeSbly £ed esfcrs 
oenlyTestfr? * S ™ ±7U ^ *«* « ^ SiTS 

or ™S^Hf ' ^ adm ^tered in the form of an aqueous solution " 
or suspension thereof or in a solution or suspension in a pharmaceuticals suitable 

ethylene glycol or glycerol; an oil, for example sunflower oil or castor oil; an ether 
for example diemylene glycol dimethyl ether, or a polyether, for example polShyS 10 
^p^^yCT * suitable poller SHfC 

15 capsu es and tablets, and locally administerable compositions^ for exSpto S 15 
emulsions, suppositories and especially sprays. «ampie, creams, id 

«™, J^f r mp ° U ? d f** , or - sal 5, of me nwmtfai is dissolved, if intended for use as a 
spray, in the usual, physiologically tolerable solvents which do not irritatT the taSL for" 

90 S? ethan ° lj ? r * is - s ? s P ended for in a tower aLyl esSr of I 

20 burner fvty acid, for example, myristic acid isopropyl ester, optionally wta aStion 20 
of a surfactant as stabikzer, for example a sorbitai-' or pentaerythritol fattV^dfSe" 
and it maybe packaged together with the usual inert fropelliits in an aerS Srav 
container. The said, compositions may, however, also be^dminisSrS TsuS * S 
tionalspraymg device operated by compressed air, or using a flexfoKnS 
or ™ ^ °*. " ventl0n m ay further be used in combination with one 25 

or more other active ingredients, among which the foUowing compounds m7v be 
especially mentioned: Diuretics, for elample frusemide, itinTSySmfo 7 to 
example glycodiazin, tolbutamide, gnbenclamicte, phenformto, bufSS^Siti. or 

examnteTreffi ? romon " »5 Prenylamine, antihyperLsive agents, for 

example, reserpm, ^methyl-dopa or clonidines, or anti-airhytnmic anrihvDeriiniA.m.v 

SJEffaS? T d A r - rom P° s *° ns ac ** ™ the SollsStsSpbaS' 
ceuacals, for example chlorodiazepoxide, diazepam or heprobamate, aVweU as vfrainins 
and oAer P™ta£andins or prostaglandin-like compound/and prestagTandfo anSoS 
f mm ?f n & T? preparations may be in unit dosage form, and may Smprise 35 
from 5 to 5000 mg of the active ingredient per unit dose, preferably from 5 to 500 m? 
sugge^* mdlCatlons ' ** foUowi ng ^sage units and daily dosage unfts^re 

Broncbidilatory effect (as a spray)- 

Dosage unit: 0.3 to 3,000 ^g , 40 

preferable umt: 3 t0 ' 600 £f (per spray shot) 40 



30 



d c Dosage umt: 5 to 5,000 «g 

oral administration: 6 



unit: 1 to 100 

50 5 r M e ^ We U1Ut: . " 1 ■» 50" ml oral 

50 daily dosage unit: 10 to 500 mf 5Q 

.hJIf^ units administered against gastro-intestinal turbulances correspond to 
those mentioned for the use as antihypertensive agents ^ 10 

xv xvTT™ Irre fo ™ ulae "i' ™? J3- Y£ Y 111 ' ix, x, xi, xm, xiv, 
55 xxviSyS m, i S X '- ^.xxn, xxm, xxiv, xxv, xxvi 

of formulf I intermediates for me manufacture of the compounds 55 

m. f? Uowin g Examples 2 and 6 illustrate the invention. Examples L 3, 4 and 5 
illustrate the preparauon of various intermediates. 

60 EXAMPLE 1 

\ - - , Compounds of the general formula VIII 60 
a,) l^thoxycarbonyl-5-hydroxymethyl-pyrroUdone-2 (III) 

0.25 Mol of 5-hydroxymethyl-pyrrolidone-2 were dissolved in 150 ml of dried 
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dimethyl sulfoxide, and 0.3 mol of potassium hydroxide powder was added. 
While cooling with ice, 0.3 mol of chloroformic acid ethyl ester was added 
dropwise within 30 minutes. Stirring was continued for 2 hours, whereupon the 
reaction solution's temperature rose to room temperature. Water was added, and 

5 the product was extracted with ether, dried, concentrated and distilled. 5 

Boiling point under a pressure of 0.5 mm Hg: 171 — 178°C 
hi) 1 -ethoxyca rbonyl-5-f ormyl-pyrrolidone-2 (IV) 

0.075 mol of chromium(VI) oxide was added to 0.15 mol of pyridine in 160 ml 
of methylene chloride, and the mixture was then stirred for 15 minutes at room 

10 temperature. It was cooled to 0°Q 0.01 mol of l-ethoxycarbonyl-5-hydroxy- 10 

methyl-pyrrolidone-1 as a solution in 40 ml of methylene chloride was added, 
and stirring was continued for 40 minutes while cooling with ice. 0.3 Mol of 
sodium bisulfate monohydrate powder was added, and stirring was continued 
for 30 minutes while cooling with ice. The product was suction-filtered, dried 

1 5 with sodium sulfate, and concentrated in vacuo at 5 — 10°C. The crude 1-ethoxy- 1 5 

carbonyl-5-formyl-pyrrolidone-2 could be used without further purification for 
the next reaction step. 
Qi) (VI) 

1) 1 - Ethoxycarbonyl - 5 - (3 - oxo - (E) - 1 - octen - 1 - yl) - pyrrolidone - 2 

20 0.033 Mol of sodium hydride was added to 0.03 mol of dimethyl-2-oxoheptyl- 20 

phosphonate in 140 ml of absolute dimethoxy-ethane, and the suspension was stirred 
for 1.5 hours at room temperature. Then, 0.03 mol of l-ethoxycarbonyl-5-fonnyl- 
pyrrolidone-2 as a solution in 10 ml of dimethoxyethane was added, and stirring was 
continued for 2.5 hours at room temperature. The product was neutralized with glacial 

25 acetic acid and concentrated. The residue was chromatographed on silica gel with 25 
chloroform/ethyl acetate (4: 1) as an eluent 

NMR spectrum at 8=6.0—7.0 ppm (m) CH— CH=CH— C 2 prot. 

Accordingly, the following compounds were synthesized as above: 

2) 1 - Ethoxycarbonyl - 5 - (3 - oxo - 4,4 - dimethyl - (E) - 1 - octen - 1 - 

30 yl) - pyrrolidone - 2 30 

NMR spectrum: 8=6.0— 7.0 ppm (m) CH — CH=CH — C 2 prot. 

O 

3=0.9 ppm (s) QCHa^ 6 prot 

3) 1 - Ethoxycarbonyl - 5 - (3 - oxo - 4,4 - dimethyl - 5 - ethoxy - (E) - 1 - 
penten - 1 - yl) - pyrrolidone - 2 

35 NMR spectrum: 5=0.95 ppm (s) C(CH 8 ) a 6 prot. 35 

i8=3.3 ppm (s) 2 prot 

•8=3.5 ppm (q) 2 prot. 

4) 1 - Ethoxycarbonyl - 5 - [3 - oxo - 4 - (3 - trifluoromethyl - phenoxy) - 
(E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

40 NMR spectrum: 5=4.7 ppm (s) CH 2 — O— 2 prot. 40 

i8=6.9 — 7.8 ppm (m) aromatic prot. 4 prot. 

dr) (VII) 

1) 1 - Ethoxycarbonyl - 5 - (3 - hydroxy - (E) - 1 - octen - 1 - yl) - pyrro- 
lidone - 2 

45 0.2 Mol of anhydrous zinc chloride were suspended in 300 ml of dimethoxyethane, 45 

and 0.8 mol of sodium borohydride was added cautiously. The mixture was then 
stirred for 1 hour at room temperature > filtered, and 0.08 mol of l-ethoxy-carbonyl-5- 
(3-oxcKE)-l-octen-l-yl)-pyrrolidone-2 in 50 ml of dimethoxyethane was added drop- 
wise within 10 minutes to the so-obtained solution, and stirring was continued for 2.5 

50 hours at room temperature. The solution was acidified with glacial acetic acid, con- 50 
centrated, and the residue was chromatographed on silica gel with chloroform/ 
methanol (95:5) as the eluent. 



NMR: 3=5.3—5.8 ppm (m) CH=CH 



2 prot. 
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In the Mine maimer, the following compounds were synthesized from the sub- 
stances mentioned sub cj 2, 3, 4: 

2) 1 - Ethoxycarbonyl - 5 - (3 - hydroxy - 4,4 - dimethyl - (E) - 1 - octen - 
1 - yl) - pyrrohdone - 2 

5 NMR: 8=0.9 ppm (s) C(CH 3 ) 2 6 prot 5 

8=5.3-5.8 ppm CH=CH 2 Jrot 

3) 1 - Ethoxycarbonyl - 5 - (3 - hydroxy - 4,4 - dimethyl - 5 - ethoxy - (E) - 
1 - penten - 1 - yl) - pyrrolidone - 2 

NMR: =0.93 ppm (s) C(CH S ) 2 6 prot . 

10 =52-5.7 ppm (m) CH=CH 2 prot io 

4) 1 - Ethoxycarbonyl - 5 - [3 - hydroxy - 4 - (3 - trifluoromethyl - phen- 
oxy) - (E) - 1 - buten - 1 - yl)] - pyrrolidone - 2 

NMR: =4.65 ppm (s) CH^O 2 prot. 

is * : cm ppm (m) CH=CH 2ptot 

«L ^^Hy^J^i-octen-l-yO-pyrrohdon^ 15 
0.05 Mol of 1 - ethoxycarbonyl -.5 - (3 - hydroxy - (E) - 1 - octen - 1 - vD - 
pyrrohdone - 2 were suspended in 100 ml of 0.5 N hydrochloric add, and theSs- 
20 S^ 35 -^^ * 75 ^°° c ^ 3 hours. After cooling, the suspend ^as 

^^ C r ed 7 th ^ and concentrated. Chromatography on silica gel wfth ->n 

chloroform/methanol (9:1) was indicated for purification purposes. 20 

IR spectrum: 1680 cm- 1 vC=0 

NMR spectrum: 8=5.3-5.8 ppm (m) CHl=CH 2 prot 

25 substScS'cfted 0 SlT?* ^ VUtotod fr0m *" 

2) 5^3-Hydroxy^,4Hiimethyl-(E)-l<,aen-l-yl>pyrrolidone-2 
IR: 1680 cm- 1 vO=0 

NMR: 8=0.9 ppm (s) QCH,) 6 

*-5.3—5.8 ppm (m) CH=CH 2 prot. 

3) 5-(3-Hydroxy^,4^emyl-5^moxy-(E)-l-penten-l-yI)-pyrrolidone-2 
IR: 1680 cm- 1 vC=0 

NMR: 8=0.94 ppm (s) CCCH,^ 6 Dro , 

8=525-5.75 ppm (m) CH=CH f {££ 

„ 4) 5 " I 3 - Hydroxy - 4 - (3 - trifluoromethylphenoxy) - (E) - 1 - buten - 1 - 

yl] - pyrrohdone - 2 

IR: 1680 cnr 1 vO=0 
NMR: ff^PP^WCftO 

*-6.9— 7.8 ppm (m) aromatic prot. 4 p TOt 

4Q a u ) 5-Formyl-pyrrolidone-2 (IX) 

desert £mS" PrCPared by 0Xidati ° n ° f ^hy^^thyl-pyrrolidone^ as 4 0 
for m^Lnown^ s^ 0116 ' 2 *" ^ USCd w * ho « further P urifica *> n 

NMR: 8=9.8 ppm CtfO ! L 
4 5 b,,): (X) 

1) 5-(3-Oxo-(E)-l-octen.l-yl)-pyrrolidone-2 45 

oxo-he^l^o^ a b cSSg y to I Sf * 54oaa ^ MM ^myl-2- 
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NMR: $=6.0—7.0 ppm (m) CH-CH— C 2 prot 

d 

2) Accordingly, the same reaction yielded the 5-[3-oxo-4-(3-trifluoromethyl- 
phenoxy)-buten-l-yl] -pyrrolidone-2 from 5 - formyl - pyrrolidone - 2 and 
dimethyl - [2 - oxo - 3 - (3 - trifluoromethylphenoxy) - propyl] - phos- 
5 phonate according to (ci). 5 

NMR: *=4.65 ppm (s) CH*— O 2 prot. 

S= 6.9— 7.75 ppm (m) aromatic prot. 4 prot. 

huO 5-(3-Oxo-(E>l-octen.l-yl)-pyrrolidone-2 (X) 

This product was obtained from l-ethoxycarbonyl-5-(3-oxo-(E)-l-octen-l-yl>- 
10 pyrrolidone-2 by" a reaction accorcfihg to (cj. , # 10 

The spectroscopic data were identical with those of the derivative prepared 

sub (b*0 1). 

Ch ): (VIH) i(j ^ 

1) 5-(3-Hydroxy<EH^en-l-yl)-pyrrohdone-2 ... " - 

15 This product was prepared by reducing 5<3-oxo.(E)-l-octen-l-yl)-pyrrohdone-2 15 

according to di). In the same manner, there was prepared: 

2) 5 - [3 - Hydroxy - 4 - (3 - trifluoromethylphenoxy) - buten - 1 - yl] - 
pyrrolidone - 2 by reducing the 5-[3-oxo-4-(3-trifluoromethylphenoxy)] - 
buten-l-yl] -pyrrolidone-2. , 

20 The spectrometric data of the two compounds were identical with the compounds 20 

prepared according to ei 1) and e^ 4). 

EXAMPLE 2 
Compounds of the general formula I 

ai): (XI) 

25 1) 5- t3-(tetrahydropyran-2-yloxy>(E)-l-octen-l-yl)] -pyrrolidone-2 25 

0.1 Mol of 5-(3-hydroxy-(E)-l-octen-l-yl>pyrrolidone-2 together with 0.15 mol 

of dihydropyran and 0.25 mol of p-toluene-sulfonic acid in 150 ml of dioxan were 

refluxed for 4 hours. The acid was then neutralized by means of triethylamine, and 

the solvent was eliminated by distillation in vacuo. 
30 Chromatography was carried out on silica gel with chloroform/ethyl acetate 30 

(4:1) as the eluent. 

NMR: 8= 5.3—5.7 ppm (m) CH=CH 2 prot 

8= ^4.3 ppm (m) O — CH — O 1 prot. 

IR: 1680 cm- 1 vC=0 

35 The tetrahydropyranyl ether protective group was introduced into the alcohols 35 

underlying the following compounds in an analogous manner. There were obtained: 

2) 5 - [3 - (tetrahydropyran - 2 - yloxy) - 4,4 - dimethyl - (E) - 1 - octen - 
1 - yl)] - pyrrolidone - 2 

NMR: 8=0.9 ppm (s) QCH^ 6 P**- 40 

40 IR: 1680 0^^0=0 ' w 

3) 5 - [3 - (tetrahydropyran - 2 - yioxy) - 4,4 - dimethyl - 5 - ethoxy - (E) - 
1 - penten - 1 - yl] - pyrrolidone - 2 

NMR: 8=0.94 ppm (s) QCIU) 2 6 prot. 

3=3.3 ppm (s) Ctfsr- O 2 prot 

45 8=3.46 ppm (q) 0— CH 2 2 prot 45 

4) 5 - [3 -. (tetrahydropyran - 2 - yloxy) - 4 - (3 - trifluoromethylphenoxy) - 
(E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

NMR: 3=4.7 ppm (s) CH 2 — O 2 prot 

5=6.9—7.8 ppm (m) aromatic prot 4 prot 

50 IR: 1680 cm- 1 vC=0 DU 



(XIII) 

* ^ tf - 2^tec5? I ^ : ^f.VAi [ .V (tetrahydn * 

^nder the cc^„£^^ «* 

_ 8=3.7 ppm (s) COOCfl, J E™! - 

m IR: 1680 cnr 1 v C=o 3 P rot - 

1U 1735 cnr 1 v 0=0 

2> 1 2 ?i5SS5 b SSjS • h «« - 1 - yD - 5 - [3 - (tetrahydropyran - 

NMR: 8=5.3—5.8 ppm (m) CH=CH d nmr 

8=0.9 ppm (s) C(CH.) S 1 prot * 

IR: 1680 cnr* vC=o ° 6 prot 

1740 cm- vC=0 

20 3) 1 - (6 - methoxycarbonyl - (Z) - 2 - hexen - 1 - vB - 5 - T3 - r*»tr a h™tr« 

{TACK 2 4 ' 4 " ^ • 5 - — £ » - ?- 

(tetr^dr^-^lS^ "S^f*"* to 1 a, from 5 - [3 - 

NMR: 8=0.9 ppm (s) C(CH S ) 4 < wnt 

8=3.7 ppm (s) COO& ! 
IR: 1680 cnr 1 v 0=0 * 6 P rot - 
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IR: 1680 cm- 1 vQ=0 
1735 cmr 1 vQ=Q 
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4) IK2E^^^ 30 

ylj - pyrrohdone - 2 - and 6-b ro mo^h«en-l-?Eca^ic add emyl 2L 1 " „ 
NMR: «=5.2— 5.7 ppm CH=CH a 
IR: 1680 cnr 1 v 0=0 4 prot - 

1730 cm- 1 vO=0 

ester according to the conditions mentioned in Example l a^ ^ 
45 NMR: «=53-5.8 P pm (m) CH=CH 4 Drot 

IR: 1680 cm* vO=0 3 P rot 45 

1735 cnr 1 vQ=o 

6) 1 - (6 - Ethoxycarbonyl - (E) - 2 - hexen - 1 vU s u . u , 

55 IR: 1680 cnr 1 vC=0 6 prot 

1735 an- 1 v 0=0 55 
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Pi: 0) 

1) 1 - (6 - Methoxycarbonyl - (2) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxyl) - 
(E) - 1 - octen - 1 - yl) - pyrrolidone - 2 

0.05 Mol of l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5- [3-(tetrahydropyran-2- 
5 yloxy)-(E)-l-octen-l-yl]-pyrrolidone-2 were stirred in 100 ml of 1% methanofic oxalic 5 
acid for 4 hours at room temperature and then for 4 hours at 40°C The acid was 
neutralized with triethylamine, and the reaction mixture was concentrated. Purification 
was carried out by chromatography on silica gel using toluene/ethyl acetate/methanol 
(5:4:0.3). 

10 NMR: 3=5.3— 5.8 ppm (m) CH-CH 4 prot. 10 

3=3.7 ppm (s) COOCtfa 3 prot. 

IR: 1680 cm** 1 vG=0 
1735 car 1 vC=0 

The following compounds were prepared from the corresponding tetrahydro- 
15 pyranyl ethers in the manner described above: 15 

2) 1 - (6 - Ethoxycarbonyl - (2) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 4,4 - 
dimethyl - (E) - 1 - octen - 1 - yl) - pyrrolidone - 2 

NMR: 3=5.3— 5.8 ppm (m) CH=CH 4 prot 

3=0.9 ppm (s) C(CH 8 ) 2 6 prot 

20 IR: 1680 cm- 1 vC=0 20 

1740 cnr 1 vC=0 

3) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (hydroxy - 4,4 - 
dimethyl - 5 - ethoxy - (E) - f - penten- 1 - yl) - pyrrofidone - 2 

NMR: 3=0.9 ppm (s) QCHsk 6 prot 

25 3=3.7 ppm (s) COOCH, 6 prot 25 

IR: 1680 cnr 1 vO=0 
1735 cnr 1 vC=0 

4) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 4 - 
(3 - trifluoromethylphenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

30 NMR: 3=5.2—5.7 ppm CB=CH 4 prot 30 

1680 cm~ l vC=0 
1730 cm- 1 vC=0 

5) 1 - (6 - Methoxycarbonyl - (E) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 
(E) - 1 - octen - 1 - yl) - pyrrolidone - 2 

35 NMR: 3=5.3— 5.8 ppm (m) CH^CH 4 prot. 35 

3=3.7 ppm (s) COOCH s 3 prot 

IR: 1680 cm- 1 vG=0 
1735 cm- 1 vC=0 

6) 1 - (6 - Ethoxycarbonyl - (E) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 4 3 4 - 

40 dimethyl - (E) - 1 - octen - 1 - yl) - pyrrolidone - 2 , 40 

NMR: 3=5.3—5.8 ppm (m) CH=CH 4 prot. 

3=0.9 ppm (s) C(CH 3 ) 2 6 prot 

an) 1 - (6 - Methoxycarbonyl - fZ) - hexen - 1 - yl) - 5 - (3 - hydroxy - (E) - 
1 - octen - 1 - yl) - pyrrolidone - 2 
45 This product was obtained by alkylating 5-(3-hydroxy-(E)-l-oaen-l-yl)-pyrro- 45 

lidone-2 with 6-bromo-(Z)-4-hexen-l-yl-carboxylic acid methyl ester in a manner 
analogous to Example 1 a> 

The spectroscopical data were identical with those of the compound obtained 
according to Example 2 c 3 . 

50 a m : (X3II, R*=H) 50 
1) 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - (tetrahydropyran - 2 - 
yloxy) - (E) - 1 - octen - 1 - yl)] - pyrrolidone - 2 
This product was obtained from 5-[3-(tetrahydropyran-2-yloxy)-(E>l-octen-l-yl]- 
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5 1705 cnr 1 vQ=0 

IR: 1680 cm- 1 vG=0 prot 
1705 cur 1 vQ=0 

NMR: 5=5.3—5.8 ppm (m) CH=CH a 
IR: 1680 cm- 1 vQ=0 4 piot ' 

1705 cnr 1 v G=0 

1700 cm- 1 vG=0 30 

.xv) 1 - (6 - Orboxy -ffl) 2 - ta» - 1 - jl) - 5 - (3 - hydroxy - 4,4 - dimethyl - 
cmoxy - lis; - 1 • penten - 1 - yl) - pyrrolidone - 2 f T R2=m 
35 hydro^t^^ to ExampleVUS 5 - (3 - 

NMR: 3=0.9 ppm (s) CfCH,), 

IR: 168oSn-i v Q=o 6 P"* 

1700 cnr 1 vC=0 

40 8v) (I) -40- 
1} " ? " Maboxycarbonyl - (Z) - 2 - hexen - 1 - yi) - 5 - f 3 - hvdroxv - 

b*onef w 21°s^ 

45 was addeTuntiT dte Jd2r^fafSl£!f "t ^ C J*5 iI dia2omethai « ^ion 45 
destroyed by SLrffS rf kEuSSddT^ ^ dkzomethane *» 

Ihe physical data were the same as in Example 2 d 1). 
lidon^wt 1 dt&tdtTK^^ 

and the solution vZ 7stirrr*t«rT*. u °- 5 ' mcAai a 9 ueous 80(1111,11 hydroxide solution, 
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The remaining residue was dissolved in 75 ml of dimethylformamide, and 0.025 mol 
of iropropyl iodide was added. Stirring was continued for 7 hours at room temperature, 
ether and water were added, the aqueous phases was extracted with ether several times, 
the organic phases were united, dried and concentrated. Purification was made by 
5 chromatography on silica gel and elution with toluene/ethyl actetate/tsopropanol 5 
(5:4:0.5). 

NMR: S=5.3— 5.8 ppm (m) CH=CH 4 prot. 

8=1.2 ppm (d) CH(Cff 3 ) 2 
IR: 1680 cm- 1 vC=0 

10 1730 cnr>vC=O 10 

a V i 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - (E) - 1 - octen - 
1 - yl) - pyrrolidone - 2 (I, R*=H) 
30 Milliliters of a 0.5-molar aqueous sodium hydroxide solution were added to 
0.01 mol of H^niemoxycarbonyl-(Z)-2-hexen-l^^ 
15 pynolidone-2, and the mixture was stirred overnight at room temperature. It was 15 
acidified with dilute hydrochloric acid, and the aqueous phase was extracted several 
times with ether. The residue resulting after drying and concentration of the solvent 
could be purified as usual by chromatography. 

The physical data were the same as in Example 2 bm 1). 

20 EXAMPLE 3 . 20 

Compounds of the general formula XIX 
a^ 5-Tetrahydropyran-2-yloxy-methyl-pyrroUdone-2 (XIV) 

This product was obtained from 5-hydroxymethyl-pyrrolidone-2 and dihydropyran 
analogous to Example 2 a^. Purification was made by chromatography on silica gel with 
25 toluene/ethyl acetate/methanol (5:4: 1) as an eluent w ' " 25 

NMR spectrum: B=6.5 ppm (broad single peak) NH 1 prot 

8=4.6 ppm (broadened single peak) O— CH— O 1 prot 

bi) l-AUyl-5Kteti^ydropyran-2-yloxy-methyl)-pyrrolidone-2 (XV) 

This product was obtained from 5-(tetrahydropyran-2-yloxy-me±yl)-pyrrolidone-2 
30 by alkylation with allyl bromide according to Example 1 a*. Chromatography on silica 30 
gel. Eluent: chloroform/acetone (8:2). 

NMR spectrum: 8=5.0 — 6.2 ppm (several multiple peaks) CH=CH 2 3 prot 
3=4.7 ppm (broadened single peak) 0 — CH — O 1 prot 
IR spectrum: 1680 cm" 1 vO=0 

35 d) l-Formylmethyl-5-(tetrahydropyran-2-yloxymethyl)-pyrrolidone-2 (XVI) 35 
0.02 Mol of l4llyl-5-(tetrahydropyran-2-yloxymethyl)-pyrrolidone-2 was dissolved 
in 100 ml of methylene chloride, and 10 ml of methanol were added. The solution was 
cooled to — 78°C, and at this temperature, ozone was passed in until the blue color 
of the solution did no longer change. The reaction mixture was heated to — 20°C At 

40 this temperature, 02 mol of dimethyl sulfide was added dropwise. The cooling bath 49 
was then removed, and the reaction mixture was stored for 2 hours at room tempera- 
ture, concentrated and then chromatographed on silica gel using chloroform/acetone 
(8:2) as the eluent. 

NMR: £=9.6 ppm (s) CHO 1 prot 

45 8=4.6 ppm (broadened single peak) 45 

*) (XIX) 

1) 1 - (5 - carboxy - (Z) - 2 - penten - 1 - yl) - 5 - (tetrahydropyran - 2 - 
yloxy - methyl) - pyrrolidone - 2 
0.1 mol of sodium hydnde was stirred in 45 ml of dimethyl sulfoxide at 60°C 
50 until the evolution of hydrogen ceased. The mixture was then cooled to room tempera- 50 
ture and a solution of 0.05 mol of 3-carboxy-butyl-triphenyl phosphonium bromide in 
40 ml of dimethyl sulfoxide was added. Stirring was continued for 30 minutes at room 
temperature. Then, a solution of 0.02 mol of l-formylmethyl-5-(tetrahydropyran-2- 
yloxy-methyl)-pyrrolidone in 25 ml of dimethyl sulfoxide was added, and the mixture 
55 was heated to 50°C. At this temperature, stirring was continued for 3 hours. After 55 
cooling t 10°C, 400 ml of water were added, and the pH was adjusted to 2 by means 
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50 



55 



-triphenyl \q 



15 



5% a T 60 j S sodium bis ^ Ifa iS solution ' solution was once more extracted with 
etter, dried and concentrated. The residue was purified by chromatography on silica 
gel, the eluent being chloroform/methanol (95:5). F * 

NMR: 8=9.0 ppm (broad signal) COOff 1 nrot 

! = Hr 5 - 7 p ^ ( ?> CH=CH 2 pim. . 

S-4.62 ppm (broadened single peak) O—CH—O 1 prot. 

2) 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) . 5 - (tetrahydropyran - 2 - vl- 
oxymethyl) - pyrrolidone - 2 yu"»py«n ^ yi 

10 V*?i reacdon ^ c * ricd o>« »n the above manner from 1 - formylmethyl - 5 

2SS° PJ T ■ I - y^^) -Pyrrolidone - 2 and 4<arboxy-butyl-triphenyx 
phosphonium bromide. Chromatography on silica gel. Eluent: cbloroform/meuJ 

NMR: 8=9.1 ppm (broad signal) COOff i Dro r 

15 ^5-2-5.7 ppm (m) CH=CH \ Zt 

*-4.64 ppm (4.64 ppm (broadened single peak) O—CH—O 

1 prot. 

3 . \&£t%^ 2 epten " 1 " yl) " 5 ■ (tetrahydropyTan - 2 - * - 

90 P^"^ V s P repared from l-fonnyl.5-(tetiahydropyran-2-yloxymethyl)- 

20 pyrrohdone-2 and 5-carboxy-pentyltriphenyI-phosphonium bromide in the above 
manner. Chromatography on silica gel, rhe solvent being cMoroform/meSanol (95:5 

NMR: 8=9.0 ppm (broad signal) COOfl i Drot 

8=5.1-5.8 ppm (m)CH=CH 2 Sot 

2 c ra , 8=4.60 ppm (s) -O-CH-O ^ 

25 IR: 1680 cm- 1 vO=0 P 

1700 cm- 1 vG=0 

in u iT?, 1S P 10 * 1 !* ^ obtained from 5Ktetr%dropyran-2-yloxy-me±yl)-ovnDlidone-2 
of SSe n i1f ^^-W-^^n-l-yl-carboxyUc add a^rdmg t?Tm?Sod 
Physical data see above. 

EXAMPLE 4 

„ . , ^ w t Compounds of the general formula XX 

a0 35 

hvHrSS^ was . ob 1 ^ ained by «terifying l-(6-carboxy-CZ)-2-hexen.l-yl).5-(ietra- 
^iT y ^±?!° Xym S thyl) -Py^ ohdo ? e - 2 with ^omelhane according to Example 2 
40 Cnromatography on silica gel, the solvent being carbon tetracMoride/acetone 

40 

NMR: |zH 5 - 5 - 70 L PP m ^) Cff=CH 2 prot. 

IR: IW^SoSo* dnEk ^ 1 P rot .. 

1735 cm- 1 vC=0 

45 an) 1 - (6 - Methoxycarbonyl - CZ) - 2 - hexen - 1 . yl) . 5 - (tetxahydropyran - 2 - 45 
yloxymethyl) - pyrrolidone - 2 (XX) F * 
This JP" 0 *"* was obtained from 5-(tetrahydropyran-2-yloxymethyl)-pvrroh , done-2 
vlST m * «~«HJ^1 Wrbox^ addmShyl JteSS to 



Example 1 a x . 

The physical data were die same as indicated above. 

EXAMPLE 5 

. , w . Compounds of die general formula XXI 

a,) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - hydroxy - methyl - 
pyrrolidone - 2 (XXI) ' * y 

m ^?l M °L of K^^y^Aonyl-^-hKen-l-yO-S-tetrahydropyran-Z-yloxy- 
^I'^u^l ™f dlsso ! ved i° » ml of methanol, and the solution was 
renuxed together with a few grams of p-toluene-sulfonic acid for 3 hours. A drop of 
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triethylamine was added to neutralise the acid, the solution was concentrated and 
chromatographed on silica gel using toluene/ethyl acetate/methanol (5:4: 1). 

NMR: 5=5.2—5.8 ppm (m) CB=CH 2 prot. 

$=4.1 ppm ABX-spectrum CH 2 — OH 
5 8=3.7 ppm (s) COOCtf 3 5 

IR: 1680 cnr 1 vG=0 
1735 cm- 1 vG=0 

an) (XXI) 

1) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - hydroxymethyl - 

10 pyrrolidone - 2 10 

1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - (tetrahydropyran - 2 - yloxy - 
methyl) - pyrrolidone was treated in methanol with p-toluene-sulfonic acid as indicated 
in Example 5 a I# Chromatography and physical data were the same as indicated above. 

2) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - hydroxymethyl - 

15 pyrrolidone - 2 J5 

This product was prepared as above (a H 1)) using ethanol instead of methanol. 
Chromatography on silica gel using toluene/ethyl acetate/ethanol (5:4: 1.5). 



NMR: a= 5.2— 5.8 ppm (m) CB=CH 2 prot. 

IR: 1680 cm- 1 vG=O 
20 1730 cm- 1 vC=Q 



NMR: 8=5.2—5.85 ppm (m) CH=CH 2 prot. 

S=1.35 ppm (Z) O— CH 2 — Cff 3 3 prot. 



IR: 1680 cnr 1 vC=0 
30 1735 cm- 1 v C=Q 
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3) 1 - (7 - Ethoxycarbonyl - (Z) - 2 - hepten - 1 - yl) - 5 - hydroxymethyl - 
pyrrolidone - 2 

This product was obtained from H7-carboxy-(Z)-2-hepten--l-yl)-5-(tetrahydro- 
pyran-2-yloxymethyl)-pyrrolidone-2 by a treatment with ethanol in the presence of 
25 p-toluenesulfonic acid as indicated above (a H ) 1)). Chromatography on silica gel using 25 
toluene/ethyl acetate/ethanol (5:4: 1.5) as the eluent. 
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am) (XXI) 

1) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - hydroxymethyl - 
pyrrolidone - 2 

This product was obtained from 5-hydroxymethyl-pyrrolidone-2 by alkylation with 
35 6-bromo-(Z)-4-hexen-l-yl-carboxylic acid methyl ester as in Example 1 fa). 35 
Purification and physical data as above. 

2) l-(6-Methoxycarbonyl-(E)-2-hexen4-yl)-hy 

This product was prepared from 5-hydroxymediyl-pyrrolidone-2 by alkylation 
with 6-bromo-(E)-4-hexen-l-yl-carboxylic acid methyl ester according to Example 1 
40 ai. Chromatography on silica gel, the solvent being toluene/ethyl acetate/methanol 40 
(5:4:1). 

NMR: S=5.2— 5.9 ppm (m) CH=CH 2 prot. 

3=3.65 ppm (s) COOCH 3 
IR: 1738 cm- 1 vC=0 

45 1680 cm- 1 vG=0 45 

a JV ) l-Allyl-5-hydroxymethyl-pyrrolidone-2 (XXII) 

This product was obtained by alkylation of 5-hydroxymethyl-pyrrolidone-2 with 
allyl bromide according to Example 1 a I( Boiling point under a pressure of 0.3 
mm Hg: 161— 169°C. 

50 NMR spectrum: S=5.0— 6.3 ppm (several multiple peaks) CJf=Cff 2 3 prot 50 

IR spectrum: 1680 cnr 1 vC=0 

hiv) l-Formylmethyl-5-hydroxymethyl-pyrrolidone-2-S-lactol (XXIV) 

This product was obtained by ozonolysis of l-allyl-5-hydroxy-methyl-pyrrolidone- 
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40 



1703 cm- 1 vQ=o 
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fnSrf £& t0 Exam P Ie 3 ,cr. After concentration of the reaction mixture, the crystal- 
lized residue was recrystallized from ethanoL y 
M.p. 152— 154°C 

Cjv) (XXVI) 

1) l-(5-Carboxy-<2>2-i*nten-l-yi>5-^^^ 

W« JjfiTS?** 88 ° taM f d ^ m ^^ytoethyM-hydroxymethyl-pyrrolidone^- 
rft£,SSL 3^*y-P~Pyl-mphenyl phosphonium bromide as in Example 3 dr 

sotoST 7 PCrf0rmed 0n ^ S 61 usin 5 chloroform/methanol (8:2) a 



10 



2) l-(6^boxy-tf>2-hexen-l-yl>5-hyd^ 
i s &.} a ^r m ^ UCt ^ F*?** £ om l-fonnylmethyl-5-hydroxymethyl-pyrrolidone-2- 
d S m ™r^£ OXy " bU ^ 1 - tnp ? en 7 1 P h ° s P h °°*in bromide according toExampk 3 
di. Chromatography on silica gel eluent: chloroform/methanol (85: 15). 15 

NMR: 3=5.2—5.8 ppm (m) CH=CH 2 nmt 

IR: 1700 cm- 1 vO=o P 
1680 cm" 1 vQ=0 
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20 c Iv .) H6<^boxy-(Z)-2-hexen-l-yl>5-hy^^ on 
with «k m fn r7^T ob ? h T i ^..^-hydtoxymethyl-pyrrolidone^ by alkylation 
£atatoT ( ^ 7 3dd aCCOrdiDg » Exam P le 1 i^ysiS 

3<; ^"^V^^boxy-^-^-pente^^^ 

^ fbis product was obtained from l<5^boxy-(Z)-2-penten.l.vl).5.rtetrahvdro. k 

pyran-2-yloxymethyl>pyrrolidone-2 by splitting ofl 'k Tte^ydropSvl omicS; 25 
group according to Example 2 bm. Physical date as above. P ^ P™tecave 

• *») l^ M ^ ox 3^bonyJ^)-2-hexen-l-yl)-5-hydroxymemyl-pyrro^^ 
in . . This product was obtained by esterifying l-(6-carboxy-(Z)-2-hex^i-l-vn 5 
30 hydroxymediy -pyrrolidone-2 with methanol. Traction m E^ampfe 5 

a„. The physical data corresponded to those of the compound obKd Pin Example 

EXAMPLE 6 

35 a," (XXVH) Compounds of the general formula I 

1) HfMemoxy^nyK2>2-hexenrl-yi)-5-formyl-pyrrolidone-2 
„i\ « u a pr0duc i V s o^ed by oxidation of H6-memoxycarbonyKZ)-2-hexen-l- 
yl)-5-hydroxymethyl-pyrrolidone.2 according to Example 1 L nexen-l- 

2) K6-Ethoxycarbonyl-(Z)-2-hexen-l-yl)-5-formyl-pynoh-done-2 
5 lJS'JE&F ^.PPP 31 ? 1 by oxidation of l-(eihoxycarbonyl-(Z)-2.hexen-l.yl> 40 
5-hydroxymethyl-pyrrohdone-2 according to Example lb, " 

3) l-(6-MemoxycarbonyHE>2-hexen-l-yl)-5-formyl-pyrrolidone-2 

vn 5 lSi™*,^ pt ^ J md £ y oxid £on of H6-metfaoxycarbonyl-(E)-2-hexen-l. 
yl)-5-hydroxymdiyl.pyrrohdone-2 according to Example lb,. ' 

t* 1 - ( ^ Ethox y^ wn yKZ)-2-hepten-l-yl>5-formyl-pyrrolidone-2 
»n <1 i P ^ 7" ob^d b y oxidation of l-(7-e±oxycarbonyl-GZ)-2-heDten-l- 
yl)-5^ydroxvmethyl- Py rroEdone-2 according to Example 1 b, ' P 

Owing to their instebflity, the so-obtained compounds of formula XXVII 1 to 4 
were used without further purification as crude products for the next s^ 

50 b,: (XXVHI) 

were A prepS: * ^ meth0<i * Examp,e 1 c * ^ foU °™g compounds 

1} o^i 6 " Me *°^bonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - (E) - 1 - 
55 . octen - 1 - yl) - pyrrohdone - 2 w 

form^tr^fM UCt , WaS /"Pared, from H6-methoxycarbonyl)-(Z>2-hexen-l-yl-5- 55 
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NMR: 5=5.2—5-8 ppm (m) CH=CH (cis) 2 prot. 

5=6.05—7.0 ppm (m) CB=CH (trans) 2 prot 

5=3.7 ppm (s) COOttfa 

2) 1 - (6 - Methoxycarbonyl - (E) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - (E) - 1 - 

5 octen - 1 - yl) - pyrrolidone - 2 5 

The product was prepared from l-<6-methoxycarbonyl-(E)-2-hexen-l-yl>5- 
formyl-pyrrolidone-2 and dimethyl-2-oxo-heptyl-phosphonate. Chromatography: 
toluene/ethyl acetate/methanol (5:4:0.3). 

NMR: 5=5.1—5.9 ppm (m) CH=CH (trans, unconjugated) 2 prot 
10 5=6.0— 6.9 ppm (m) CH=CH (trans, conjugated) 10 

5=3.75 ppm (s) COOCH 3 

3) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - (E) - 
1 - decen - 1 - yl) - pyrrolidone - 2 

This product was prepared from l-(6-methoxycarbonyKZ)-2-hexen-l-yl>5- 
15 formyl-pyrrolidone-2 and dimethyl-2-oxo-nonyl-l-phosphonate. Chromatography: 15 
toluene/ethyl acetate/methanol (5 : 4 : 0.1). 

NMR: 5=5.2—5.85 ppm (m) CH=CH (cis) 2 prot 

5=6.0—6.7 ppm (m) CH=CH (trans) 2 prot 

5=3.75 ppm (s) COOCH 8 

20 4) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - 5 - 20 

ethoxy - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2 
This product ' was prepared from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5- 
formyl-pyrrolidone-2 and dimethyl-(2-oxo-4-ethoxy-3 3 3-dimethyl-butyl)-phosphonate. 
Chromatography: toluene/ethyl acetate (5:4). 

25 NMR: 5=1.0 ppm (s) C(CH 3 ) 2 6 prot 25 

5=3.7 ppm (s) COOCH3 

5=5.2—5.8 ppm (m) CH=CH (ds) 2 prot 

5) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - 5 - allyl- 
oxy - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2 
30 This product was prepared from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5- 30 

formyl-pyrrolidone-2 and dimethyl-(2-oxo-4-allyloxy-3 > 3-dimethyl*butyl)-phosphonate. 
Chromatography: toluene/ethyl acetate (5:4). 

NMR 5=5.0 — 7.0 ppm (m) all the olefinic protons 6 prot 

5=3.65 ppm (s) COOCH 3 

35 6) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - oxo - 4 - (4 - 35 

chlorophenoxy) - phenoxy - 4,4 dimethyl - (E) - 1 - buten - 1 - yl] - 
pyrrolidone - 2. 

This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5- 
formyl-pyrrolidone-2 and dimethyl - [2 - oxo - 3 - (4 - chlorophenoxy) - phenoxy - 
40 3,3 - dimethyl - propyl] - phosphonate. Chromatography: chloroform/ethyl acetate 40 
(4:1) 

NMR: 5=1.05 ppm (s) C(CH 3 ) 2 6 prot. 

5=6.9 — 7.9 ppm (m) aromatic ] 
5=3.7 ppm (s) COOCH 3 



: protons 8 prot 



45 7) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - oxo - 4 - (3 - 45 

thienyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2 
This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)*5- 
formyl-pyrrolidone-2 and dimethyl- [2-oxo-3-(3-thienyloxy)-propyl]-phosphonate. 
Chromatography: carbon tetrachloride/acetone (7:3) 

50 NMR : 5=5.2—5.9 ppm (m) CH^CH cis 2 prot. 50 

5=6.0—6.9 ppm (m) CH=CH trans 2 prot. 

5=3.7 ppm (s) COOCH3 
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Chromatography: toluene/emy! SSSJSSSS^S^ I> P hos P hQnate 
NMR: 8=3.7 ppm (s) COOCH, 

IZ 5 A~ 5 - 9 PP m ( m ) CH-CH cis 2 orot 

8-6.0— 6.7 ppm (ABX-Spectr.) CH=CH trans 2 prot 

9) ili i " J^^T y L\ W - hexen - 1 - yl) - 5 - (3 - oxo - 5 - cyclo- 
pentyl - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2. 
t n ^i P. 1 ™ 111 ", ^ obtained from M6-memoxycarbonyKZ)-2-hexen-l-yn-5- 
lSi" Pyr T 5ll ^ ne " 2 ^ dn ? ed9i " 2 - (oxo - 4 - cyclopLyl - 3,3 - dimethyl - butyl) - 
phosphonate. Chromatography: toluene/ethyl acetate (5:4) ^ 

NMR: 8=1.0 ppm (s) QCHJz 6 prot 

S=3.7 ppm (s) C00CH 3 P 
5=6.0—7.0 ppm (m) CH=CH trans 2 prot. 

10) «iJ (< i " Metooxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - 5 - 

phenyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2 
ims product was obtained from l-(fr-methoxycarbonvl-fZV2-hexen-l v n <; 
formy^pyrrohdone-2 and £memyl-2^xo4-phWb^ 
Chromatography: carbon tetrachloride/acetone (7:3) 

NMR: 8=7.3 p pm ( s ) aromatic protons , 5 nr(W 

«=3.7 ppm (s) COOCH, P 
8=5.15—5.75 ppm (m) CB=CH (cis) 2 prot 

11. 1 -(6-Meraoxycarbonyl-(Z)-2-hexen-l-yl)-5- B-oxo-S u - 

P m ;Xone:f orophenyl) - 4 - 4 - *-* - » - 1 - p-r 

dunetbylbutyl] - phosphonate. Chromatography: tolu^e/ethyl acS?^:^ } ' ™ ' 

NMR: 8=1.0 ppm (s) C(CH 3 ) 2 * nmt 

«=2.3 ppm (s) CH 3 £ 
5=6.1-6.9 ppm (m) Cff=Cff (trans) 2 prat 

Chromatography: chloroform/ethyl acetate (4:1) 

NMR: 8=105 ppm (d) CH(Ctf 3 ), 6 prot 

f = B PP" (t) COOCH,Cff s I 
8=5.2-5.9 ppm (m) Cff=C# (cis) 2 pmt 

13. 1 - (6 - Ethoxycarbonyl) - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - 44 - 
dimethyl.(E)-l-octen-l-yl)- P yrroIidone-2 W 
f«™,,7t PJ^ uct , was obtained from H6^ethoxycarbonyl)-CZ)-2-hexen-l-vlV5- 

Chromatography: toluene/ethyl acetate/ethanol (5:4:0.3) 

NMR: 8=0.95 ppm (s) C(Cff s )a 6 prot 

f=L25 ppm (t) COOCH 2 Cfl, ? J,™ 

8=5.15-5.95 ppm (m) CH=CH (cis) \ Sot 

8=6.0-7.05 ppm (m) CH=CH (trans) 2 prot 

14) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - oxo - 4 - (3 - 

tnfluoromethylphenoxy) - (E) - 1 - buten - 1 - yl J - pyrrolidone - 2 1 
Ints product was prepared from l-(6<thoxycarbonyKZ)-2-hexen-l-yl>5- 
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formyl-pyrrolidone-2 and dimethyl - [2 - oxo - 3 - (3 - trifluoromethyl - phenoxy) - 
propyl] - phosphonate. 

Chromatography: toluene/ethyl acetate (5:4) 

NMR: 3=1.2 ppm (t) COOCH 2 CH 3 3 protons 

5 .8=4.6 ppm (s) CH 2 — O 2 protons 

£=6.0^-6.95 ppm (m) CH=CH 2 protons 

15) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - oxo - 4 - (4 - 
chlorobenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

This product was obtained from l-(6-ethoxycarbonyl-(Z)-2-hexen-l-yl>5- 
10 formyl-pyrroKdone-2 and dimethyl - [2 - oxo - 3 - (4 - chlorobenzyloxy) - propyl)] - 1 
phosphonate. 

Chromatography: carbon tetrachloride/acetone (7:3) 

NMR: 3=4.4 ppm and 4.6 ppm (2 Sing.) CH?—0 4 prot 

3=1.2 ppm (t) COOCHp— CH 3 3 prot. 

15 3=7.0 — 7.5 ppm (m) aromatic protons 4 prot 1 

16) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - oxo - 4 - (2 - 
thienyl) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

This product was obtained from l-(6-ethoxycarbonyl-(Z>2-hexen-l-yl)-5- 
formyl-pyrrolidone-2 and dimethyl- [2-oxo-3-(2-thienyl)-propyI] -phosphonate. 
20 Chromatographie: toluene/ethyl acetate/ethanol (5:4:0.1) 2 

NMR: 3=3.9 ppm (s) — CH 2 2 prot. 

8=7.1 — 7.3 ppm (m) thiophenone protons 3 prot. 

8=6.0^-6.90 ppm (m) CH=CH (trans) 2 prot. 

17) 1 - (7 - Ethoxycarbonyl - (Z) - 2 - hepten - 1 - yl) - 5 - (3 - oxo - 5 - 

25 ethoxy - 4,4 - dimethyl - (E) - 1 - penten - I - yl) - pyrrolidone - 2 1 

This product was obtained from l-(7-ethoxycarbonyl-(Z)-2-hepten-l-yl)-5- 
formyl-pyrrolidone-2 and dimethyl - (2 - oxo - 4 - ethoxy - 3,3 - dimethyl - butyl) - 
phosphonate. 

Chromatography: toluene/ethyl acetate (5:4) 

30 3=1.0 ppm (s) C(CH 8 ) 2 6 prot. 3 

8=1.2 ppm (t) COOCH 2 CH 3 3 prot 

8=6.0—6.95 (m) CH=CH (trans) 2 prot 

bp 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - (E) - 1 - 
octen - 1 - yl) - pyrrolidone - 2 fXXVIII) 
35 This product was obtained by alkylation of 5-(3-oxo-(E)-l-octen-l-yl)-pyrro- 3 

lidone-2 and 6-bromo-(Z)-4-hexen- 1 -yl-carboxylic acid methyl ester according to the 
method of Example 1 a* Physical data and chromatography as in Example 6 bi 1). 

c i ' (I) 

The reduction of the above-mentioned ^-unsaturated ketones of formula XXVIII 
40 was carried out as in Example 1 di to yield the compounds of formula I. Spedfically, 4 
the following compounds were prepared: 

1) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl - 5 - (3 - hydroxy - 1 - 
octen - 1 - yl) - pyrrolidone - 2 

This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5- 
45 (3-oxo-(E)-l-octen-l-yl>pyrrolidone-2. Physical data and chromatography as in 4 
Example 2 Cj 1). 

2) 1 - (6 - Methoxycarbonyl - (E) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 1 - 
octen - 1 - yl) - pyrrolidone - 2 

This product was obtained from l-(6-methoxycarbonyl-(E)-2-hexen-l-yl)-5-(3- 
50 oxo-(E)-l-octen-l-yl)-pyrrolidone-2. Physical data as in Example 2 c x 5). 5 

3) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 1 - 
decen - 1 - yl] - pyrrolidone - 2. 

This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5-(3- 
oxo-(E)-l-decen-l-yl)-pyrrolidone-2. 



Chromatography: toluene/ethyl acetate/methanol (5:4:0.5) 

NMR: 5=52—5.85 ppm (m) CH=CH ± nrnt 

„ ,3=3.75 ppm (a) COOCH, 4 pt0t 

IR: 1680 cnr 1 vQ=o 
1735 cm- 1 vQ=0 

4) i*\ (6 " Mftoxycartonyi - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 5 
etihoxy - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - pyrroMone -™ 
This product was obtained from l^meAoxycarbonyHK-h«S-l.vlV5 n 
oso-5**oxy^,4-dimemyl^ h«en-l-yl>5-(3 

FHysical data and chromatography as in Example 2 c, 3) 

Chromatography: toluene/ethyl acetate/methanol (5:4:1) 

NMR: S=5.0_6.5 ppm (m)afl the olefinic protons 6 piot 

ro 3,65 pp m (s) coocH s p 

IR: 1680 cnr 1 vG=0 
1735 cm- 1 i-C=0 

Chn^tography: chloroform/ethyl acetate (4:1) 

NMR: S=1.05 ppm (s) C{CH 3 ) 2 1 ' 6 nmt 

TD ,^=3.7 ppm (s) COOCH, 8 prot 

IR: 1680 cm- 1 vC=0 
1733 cm- 1 vC=0 

Oiromatography: toluene/ethyl acetate/ethanol (6:4:02) 

NMR: 8=53-5.6 ppm (m) CH=CH 4 prot 

IR: 1680 cm- 1 vC-0 
1738 cm- 1 vC=0 

8) 1 - (6 - MeUoxycarbonyl - (Z) - 2"- hexen - 1 - yl) - 5 - (3 - hydroxy - 6 - 
penafluoroemyl.(E)-l.hexen-l.yl).pyrro¥done.2 

This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-vlV5-f3- 
ox()-6-pentafluoroemyHE>l-liexen-l-yl)-py]TOlidone-2. ^ V 

Chromatography: toluene/ethyl acetate/medianol (5:4:0.5) 

NMR: 5=3.7 ppm (s) COOCH a 

s = 5-2— 5.6 ppm (m) CH=CH 4 Drot 

IR: 1680 cm- 1 vC=0 P 
1730 cnr 1 v C=0 

9) 1 - (6 - Methoxycarbonyl - (Z) - hexen - 1 - yl) - 5 - (3 - hydroxy - 5 - 
cyclopentyl - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2 

This product was obtained from l-(6-methoxycarbonyl-(Z)-hexen-l-yl)-5-(3-oxo- 
5<yclopentyM s 4KiuBemylKE)-l-penten-l.yl)-pyrrohdo^^^ J 7 ^ 
Chromatography: toluene/ethyl acetate/methanol (5:4:03) 
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NMR: 3=0.9 ppm (s) C(CH 3 ) 2 6 prot. 

5=3.7 ppm (s) COOCH 3 

8=53—53 ppm (m) CH=CH 4 prot. 

IR: 1680 cm- 1 vC=0 

5 1740 cnr 1 v C=0 5 

10) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 5 - 
phenyl - (E) - 1 - penten - 1 - yl) - pyrrolidone - 2 

This product was obtained from l-(6-medioxycarbonyl-(Z)-2-hexen-l-yl>5-(3- 
oxo-5-phenyl-(E)-l-penten-l-yl)-pyiTolidone-2. 
1 0 Chromatography : toluene/ethyl acetate/methanol (5 : 4 : 0.1) 10 

NMR: 5=7.3 ppm (s) aromatic protons 5 protons 

5=3.7 ppm (s) COOCH3 

8=5.15—5.50 ppm (m) CH-CH 4 protons 

JR: 1730 cm- 1 vC=0 

15 1680 cm- 1 vO=0 15 

11) 1 - (6 - Methoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 5 - 
(4 - methyl - 2 - chlorophenyl) - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl) - 
pyrrolidone - 2 

This product was obtained from l-(6-methoxycarbonyKZ)-2-hexen-l-yl)-5-[3- 
20 oxo-5-(4-methyl-2-chlorophenyl)-4,4-dimethyl-(E)"»l-penten-l-yl ] -pyrrolidone-2. 20 
. Chromatography: toluene/ethyl acetate (5:4) 

NMR: 5=1.0 ppm (s) C(CH 3 ) 2 6 prot. 

5=2.3 ppm (s) CH 3 3 prot. 

5=5.3—5.7 ppm CB=CH 4 prot. 

25 IR: 1740 cnr 1 vO=0 25 

1680 cnr 1 v C=0 

12) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 7 - 
methyl - (E) - 1 - octen - 1 * yl) - pyrrolidone - 2 

This product was obtained from l-(6-e±oxycarbonyl-(Z)-2-hexen-l-yl)-5-<3-oxo- 
30 7«methyl-(E)-l-oaen-l-yl)-pyrrolidone-2. 30 
Chromatography: chloroform/ethyl acetate/ethanol (8:2:0.5) 



NMR: 5=1.0 ppm (d) CH(CH 3 ) 2 6 . 

5=1.25 ppm (Z) COOCH 2 CH 3 3 protons 

5=52—5.5 ppm (m) CH=CH 4 protons 

35 IR: 1730 cnr l vG=O 35 

1675 cnr 1 vO=0 

13) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 4,4 - 
dimethyl - (E) - 1 - octen - 1 - yl) - pyrrolidone - 2 

This product was obtained from l-(6-ethoxycarbonyl-(Z)-2-hexen-l-yl)-5-(3-oxo- 
40 4,4-dimethyKE)-l-octen-l-yl)-pyrrolidone-2. 40 
Physical data as in Example 2 Ci 2). 

14) 1 - (Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 4 - 
(3 - trifluoromethyl - phenoxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2. 

This product was obtained from l-(6-ethoxycarbonyl-(Z>2-hexen-l-yl)-5-[3-oxo- 
45 4^3-trifluoromethylphenoxy)-(E)-l-buten-l-yl]-pyrrolidone-2. 45 
Physical data as in Example 2 Ci 4). 

15) 1 - (6 - Ethoxycarbonyl - (Z) - 2 - hexen - 1 - yl - 5 - [3 - hydroxy - 4 - 
(4 - chlorobenzyloxy) - (E) - 1 - buten - 1 - yl] - pyrrolidone - 2 

This product was obtained from l-(6-ethoxycarbonyl-(Z)-2-hexen-l-yl)-5-[3-oxo- 
50 4-(4-chlorobenzyloxy)-(E)-l-buten-l-yl] -pyrrolidone-2. * 50 

Chromatography: carbon tetrachloride/acetone (7:3) 

NMR: 5=5.1—5.4 ppm (m) CH=CH 4 prot. 

5=1.1 ppm (t) COOCH 2 — CH 5 3 prot. 

5=7.0—7.5 ppm (m) aromatic protons 4 prot. 

55 IR: 1735 cnr 1 vC=0 55 

1680 cm- 1 vC=0 
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16) 1 - (6 - EAoxyearbonyl - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 4 - 
(^thienyQ-CEJ-l.buten-l-ylJ.pyrrolidone^ 7 

a ,-, i- ?r^ U ^ ^ obtalned from l-C^thoxycarbonyl-^VZ-hexen-l-^-S-rs^xo- 

4- {2-thienyl)-(E)-l-buten-l-yl]^)yrroUdone-2. ^ w J l3 ^ xo 

Chromatography: toluene/ethyl acetate/ethanol (5:4:0.5) 

NMR: |=7.1—73 ppm (m) thiophenone protons 3 Dro t 

■8=5.2—5.6 ppm (m) CB=CH ■> ZZt 

IR: 1740 cnr 1 vO=0 2 prot 

1680 cm- 1 vQ=0 

17) 1 - (7 - Ethoxycarbonyl - (2) - 2 - hepten - 1 - yl) - 5 - (3 - hydroxy - 5 - 
e±oxy-4,4-dmie%l-(E).l-pemen.l-yl)-pyr^lidoS-? 

< J? U L P I t S UCt u a , S ^ med from H7-ethoxyc^bonyKZ>2-heKen-l-yl)-5-(3-oxo. 

5- ethoxy-4,4-dimethyl-(E)-l-pemen-yl>pyrroUdone-2. J 1 

Chromatography: toluene/ethyl acetatae/ethanol (5:4:0.5) 

NMR: S=0.9 ppm (a) dCH^ 6 prot 

«=12 ppm (t) COOCH 2 CH 8 3. 

IR: 173^T 5 C 5 =r ^ CH=CH ^ 
1680 cm- 1 vQ=0 

a H : (XX Vn, R 2 =H) 

1) H5-Carboxy-(2)-2-penten-l-yl>5-formyl-pyrrolidone-2 
rnis product was prepared by oxidation of l-(5-carboxy-(Z)-2-Denten-l-vn-5- 
hydroxymethyl-pyrrolidone-2 according to Example l b*. y J 

.2) H6^boxy<Z>2-hexen-l-yl)-5-fomyl-pyrrolidone-2 

h^JSl^ aCt IE P K P™* by oxidation of l-(6-carboxy-(Z)-2-hexen-l-yl>5- 
hydroxymethyl-pyrrohdone-2 according to Example lb* 

produSf S° gtSSfiKF" USCd ^ fU,thCr Purificad0n as Crude 

bn: (XXVm, R 2 =H) 

1) 1 - (5 - Carboxy - (Z) - 2 - penten - 1 - yl) - 5 - (3 -oxo- 4,4 - dimethyl - 
5-ethoxy-(E)-l-pcnten-l-yl)-pyrrolidone-2 7 

Ifiis product was obtained from l-(5-carboxy-(Z>2-penten-l-yl)-5-fonnvl- 

Chromatography: ethyl acetate/glacial acetic acid (98:2) 

NMR: |=1.0 ppm (s) CfCH$ 6 prot 

«- 5.2— 5.5 ppm (m) CB=CH cis 2 prot 

8=6.1—6.9 ppm (m) CH=CH trans 2 prot. 

2) H6-Carboxy-(Z)-2-h«ei^l-y^ 

Ihis product was obtamed from H6-carboxy^Z)-2-hexen-l-yl)-5-formvl- 
pyrroMone-2 and dimethyl^-oxo-heptylphosphouate according to Enmnfe 1-2. - 
Chromatography: ethyl acetate/glacial acetic acid (98:2) 

NMR: 5=5.2—5.85 ppm (m) CH=CH (cis) 2 prot 

8=6.0-6.95 ppm (m) CJf=Cff (trans) 2 prot 

bn-: 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - oxo - (E) - 1 - octen - 
1 - yl) - pyrrolidonc - 2 (XXVm, R*==H) W 
This product was obtained from 5-(3-ox(KE)-l-octen-l-yl>pyrrolidone-2 bv 

c H : 3, R S =H) 

1) 1 - (5 - Carboxy - (Z) - 2 - penten - 1 - yi) - 5 - (3 - hydroxy - 4,4 - 
dimethyl - 5 - ethoxy - (E) - 1 - penten - 1 - yl) - pyrrolidonc - 2 
,. this product was obtained from l-(5-carboxy-(Z>2-penten-l-yl)-5-('3-oxo-44- 
d^thyl-5-ethoxy-(E)-l-penten-l-yI>pyrrolidone-2 icordimfto Example 1 d r 
Uiromatography: ethyl acetate/glacial acetic acid (98:2) 
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NMR: 8=1.0 ppm (s) C(CH,). 6 prot. 

3=5.2—5.5 ppm (m) CH=CH 4 prot 

IR: 1705 cnr 1 vC=0 
1680 cnr» vC=0 

5 2) l-{6-Carboxy-CZ)-2-hexen-l-yl)-5-(3-hydroxy-(E)-l-oaen-l-yl)-pyrrolidone- 5 

2 

This produa was obtained from l-(6-carboxy-(Z)-2-hexeii-l-yl)-5.(3-oxo-(E>l- 
octen-l-yl)-pyrrolidone-2 according to Example 1 jfe. 

Chromatography: ethyl acetate/glacial acetic acid (97.5:2.5) 

10 NMR: 8=53— 5.7 ppm (m) Cff=CH 4 prot. 10 

IR: 1700 cnr'v C=0 P 
1682 car* vO=0 

a«: (I, R*=H) 

1) 1 - (6 - Carboxy - (2) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - (E) - 1 - 
15 , decen - 1 - yl) - pyrrolidone - 2 . 

This product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl>5-(3- 
hydroxy«(E>l^ecen-l-yl)-pyrroHdone-2 according to Example 2 a w . 
Chromatography: ethyl acetate/glacial acetic acid (98:2) 

NMR: 5=52—5.65 ppm (m) CH=CH 4 prot. 

20 IR: 1680 cnr* v 0=6 P 

1705 cnr 1 vO=0 

2) 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 4 - (4 - 
chlorophenoxy) - phenoxy - 4,4 - dimethyl - (E) - 1 - buten - 1 - yl)] - 
pyrrolidone - 2 

25 This product was obtained from 1 « (6 - methoxycarbonyl - (Z) - 2 - 2 - hexen - 25 

1 - yl) - 5 - [3 - hydroxy - 4 - (4 - chlorophenoxy) - phenoxy - 4,4 - dimethyl - (E) - 
1 - buten - 1 - yl] - pyrrolidone - 2 according to Example 2 avi. 

Chromatography: cyclohexane/ethyl acetate/glacial acetic add (6:4:0,1). 

m NMR: «=1.05 ppm (s) QCH,), 6 prot 

JU _ •8=6.9— 7.9 ppm (m) aromatic protons 8 prot 30 

IR: 1680 cnr 1 vC=0 
1700 cnr 1 v 0=0 

3) 1 - (6 - Carboxyl - (Z) - 2 - hexen - 1 - yl) - 5 - (3 - hydroxy - 6 - penta- 
fluoro - ethyl - (E) - 1 « hexen - 1 - yl) - pyrrolidone - 2 

35 The product was obtained from l-(6-methoxycarbonyl-(Z)-2-hexen-l-yl)-5-(3«. 35 

hydro^-6-penmfluoroethyl-(E>l-hexen-l-yl)-pyrrolidone-2 according to Example 2 

Chromatography: toluene/ethyl acetate/gladal acetic acid (5:4:0.1). 

NMR: 8=5.2— 5.45 ppm (m) CH=CH 4 prot 

IR: 1685 ^-^0=0 40 
1705 cnr 1 vO=0 

4) 1 - (6 - Carboxy - (Z) - 2 - hexen - 1 - yl) - 5 - [3 - hydroxy - 5 - (4 - 
methyl - 2 - chlorophenyl) - 4,4 - dimethyl - (E) - 1 - penten - 1 - yl] - 

45 pyrrolidone - 2 

40 This product was obtained from l-(6-methoxycarbonyl.(Z)-2-hexen-l-ylV5-[3- 45 

hydroxy-5<4-methyl-2^hlorophenyl)-4,4^ 

Chromatography: cyclohexane/ethyl acetate/glacial acetic acid (6:4:0.1). 

NMR: 3=0.9 ppm (s) C(CH S ) 2 6 prot 

c 0 8 =23 ppm (s) CH S 3 prot 

50 *=53-5. 7 ppm CH=CH 4 prot. 50 

IR: 1705 cnr 1 v0=O 
1680 cnr 1 v C=0 

WHAT WE CLAIM IS: — 

1. A pyrrolidone of the formula I 
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I 

in which 

R 1 represent a straight or branched chain, saturated or unsaturated, aliphatic 
hydrocarbon radical having up to 10 carbon atoms, or a cycloaliphatic hydro- 
carbon radical having 3 to 7 carbon atoms, which radicals may be unsub- 5 
stmited or substituted by one or more of the following: 

a) a straight or branched chain alkoxy, alkylthio, alkenyloxy or alkenylthio 
group of up to 5 carbon atoms, " 

b) a phenoxy group which may carry one or two substituents selected 
from optionally halogenated alkyl groups of 1 to 3 carbon atoms, 10 
halogen atoms, optionally halogenated phenoxy groups, and alkoxy 
groups of 1 to 4 carbon atoms, 

c) a furyloxy, thienyloxy or benzyloxy group which may carry, on the 
15 nucleus, one or two substituents selected from optionally halogenated 

(u *y 1 g»«ps of 1 to 3 carbon atoms, halogen atoms and alkoxy groups 15 
of 1 to 4 carbon atoms, " 

d) a trifluoromethyl or pentafluoroethyl group, 

e) a cycloalkyl group of 3 to 7 carbon atoms, 

f) a phenyl, thienyl or furyl group which may carry one or two sub- 
stituents selected from optionally halogenated alkyl groups of 1 to 3 20 
carbon atoms, halogen atoms, and alkoxy groups of 1 to 4 carbon atoms, 

K represents a straight or branched chain, saturated or unsaturated, aliphatic or 
cycloahphatic hydrocarbon radical having up to 6 carbon atoms or an 
->r arahphanc hydrocarbon radical having 7 or 8 carbon atoms, and 

? ^presents the integer two, three or four, and the corresponding free acid. 25 

2. A compound as claimed in claim 1, wherein R 1 represents a straight or 
branched chain, saturated or unsaturated, aliphatic hydrocarbon radical having up to 
7 carbon atoms, or a cycloaliphatic hydrocarbon radical having 5 to 7 carbon atoms, 
which radicals may be unsubstituted or substituted by one or more of the following- 

a ) a straight or branched chain alkoxy, alkylthio, alkenyloxy or alkenylthio 30 
group of up to 4 carbon atoms, 

b ^ a I*enoxy gr0up which ma y Otfry one or two substituents selected from 
alkyi groups of 1 to 3 carbon atoms, trifluoromethyl groups, halogen 
atoms > optionally halogenated phenoxy groups, and alkoxy groups of 
1 or 2 carbon atoms, . - - ' ° r . 

c) a thienyloxy or benzyloxy group which may carry one or two sub- 
sntuents selected from alkyl groups of 1 to 3 carbon atoms, trifluoro- 
methyl groups, halogen atoms, and alkoxy groups of 1 or 2 carbon 
atoms » 

4U d) a trifluoromethyl group, 4q 

e) a cycloalkyl group of 5 to 7 carbon atoms, 

f) a phenyl or thienyl group which may carry one or two substituents 
selected from alkyl groups of 1 to 3 carbon atoms, trifluoromethyl 

ac 0 , groups, halogen atoms, and alkoxy groups of 1 or 2 carbon atoms, and 

« R 2 represents a straight or branched chain alkyl group of 1 to 6 carbon atoms, a 45 

straight or branched chain alkenyl group of 2 to 4 carbon atoms, a cycloalkyl 
group of 5 or 6 carbon atoms, or an aralkyl group of 7 or 8 carbon atoms. 

3. A compound as claimed in claim 1, wherein 

R 1 represents a straight or branched chain alkyl group of 1 to 7 carbon atoms, a 
w S J^ ht or to™*** chain alkenyl group of 3 to 5 carbon atoms, or a cyclo- 50 

alkyl group of 5 to 7 carbon atoms, which may be unsubstituted or sub- 
stituted by one or more of the following: 

a) a straight or branched chain alkoxy, alkylthio, alkenyloxy or alkenylthio 
s group of up to 3 carbon atoms> 

b ) a phenoxy group which may carry one or two substituents selected 
from methyl, trifluoromethyl and methoxy groups, chlorine and fluorine 
atoms, and optionally chlorinated or fluorinatcd phenoxy groups, 

c) a thienyloxy or benzyloxy group which may carry in its nucleus ne or 
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two substituents selected from methyl, trifluoromethyl and methoxy 
groups, chlorine and fluorine atoms, 

d) a trifluoromethyl group, 

e) a cycloalkyl group of 5 to 7 carbon atoms, 

5 f) a phenyl or thienyl group which may carry one or two substituents 5 

selected from methyl, trifluoromethyl and methoxy groups, chlorine 
and or fluorine atoms and 
R 2 represents a straight chain alkyl group of 1 to 6 carbon atoms, a branched 
alkyl group of 3 to 5 carbon atoms, a straight-chained alkenyl group of 2 to 4 
10 carbon atoms, a qyclopentyl or cyclohexyl group, or a benzyl group. 10 

4. A compound as claimed in claim 1 and which is named in Table A herein. 

5. A compound as claimed in claim 1 and which is named in Example 2 or 
Example 6 herein. 

6. A salt of a free acid as claimed in any one of claims 1 to 5. 

15 7. A physiologically tolerable salt of a tree acid as claimed in any one of claims 15 

1 to 5. 

8. A process for the manufacture of a pyrrolidone of formula I as claimed in claim 
1, which comprises splitting off the group represented by R 5 in a compound of the 
formula XIII 

o 

20 <l " 20 

pan) ^CH^CH-CH-R 1 
OR s 

in which R 1 , R 2 and n are defined as above, R 2 may also represent hydrogen, and R B 
represents a protective group which can be split off easily under acid conditions, or 
derrotonizing a compound of the formula VIII 

-AW 

. (VuO 

W^CH-CH-R 1 
I 

ON 

25 in which R 1 is defined as above, at the nitrogen atom by means of a base, and reacting 25 
the resulting anion with a compound of the formula XII 

Y— CH 2 — CH=CH»-(CH 2 ) ta — COOR 2 XII 

in which R 2 and n are defined as above, R 2 may be also represent hydrogen, and Y 
represents a radical which may be substituted by a nucleophilic substitution reaction, 
30 or in a compound of the formula XXVIII 30 




(xvvm) 



K CH*=CH-C-R* 
U 
o 



in which R 1 , R 2 and n are defined as above, and R 2 may also represent hydrogen, 
reducing the ketocarbonyl group, and optionally converting a resulting compound of 
formula I into the corresponding free acid, or a salt, ester or another ester thereof, 

35 as ^^^J^ for &e manu f act ure of a pyrrolidone of formula I as claimed in 

claim 1, wherein 

aj a pyrrolidone of the formula II 



<3> 

7 — NH 

.OH 



1 NH 
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is protected at the nitrogen atom by introducing a protective etoud fR' 
which can easily be split off, to yield a pyrrolidone of the tonwhUI 

til- " 

5,0 fo^nT^ 6 " ^ m h oxidizcd » an aldehyde of the 

8S) fiftSSfv aldChyde ° f f0imUla ^ fe ^ ^ a P h «phonateof 

6 

(R 4 0) 2 — P — CH 2 — C — R 1 v 

II 

O 

ijjJS i R ! ^ de ^ ied 38 above > ^ R* represents an unbranched alkvl 
group of 1 to 4 carbon atoms, to yield a compound of me foSaVI* 

II 

** } ShS^^^ com P° u 5 d of formula VI, the kctocarbonyl group is 
reduced to yield a compound of the formula VII 

w vJ 

. L 

in which R l is defined as above, 
a,) in the compound of formula VII, the protective group linked to the nitrogen 
atom is spht off to yield a compound of the formula VIII ^ 



-NH 




CH=CH-CH-Rl 



OH 



in which R 1 is defined as above, or 
* * fo^ffix d0nC ° f f0rmula 11 is oxidized t0 311 a *fehyde of the 

0% ) NH 
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o 

> — NH to 



u 



U 
o 

in which R 1 is defined as above, or 
a 3 ) in a compound of formula VI, the protective group linked to the nitrogen 
2 ' atom is split off to yield a compound of formula X, 
5 a* ) in a compound of formula X, the ketocarbonyl group is reduced to yield a 

3 compound of formula VIII, 
a 6 ) the alcohol function in a compound of formula VIII is protected with a 
group which can easily be split off under acid conditions, to yield a com- 
pound of the formula XI 

J NH 

10 VJ f (*0 

^CH*=CH- CH-R 1 

OR* 



20 




(xw) ^CH-CH-CH-R 1 
OR* 



10 



in which R l is defined as above, and R 5 represents a protective group 
which can be easily split off under acid conditions, 
a 7 ) the pyrrolidone of formula XI is deprotonized with a base at the nitrogen 
atom, and the resulting anion is reacted with a carboxylic acid derivative of 
15 the formula XII 15 

Y_CH 2 — CH=CH-<CH ? ) n — COOR 2 XII 

in which R 2 and n are defined as above, and Y represents a radical which 
can be substituted by a nucleophilic substitution reaction, to yield a com- 
pound of the formula XIII 



20 



in which R 1 , R 2 and n are defined as above, and R a represents a protective 
group, in which can be easily split off under acid conditions, the resulting 
ester is optionally hydrolyzed to yield the corresponding acid of formula 
XIII, in which R 2 represents hydrogen, 
25 a 8 ) the alcohol protective group R° in the compound of formula Xm is split 25 

off to yield a compound of formula I, and this compound is optionally 
converted into the corresponding free acid or a salt thereof, or 
a 8 0 the compound of formula VIII is deprotonized with a base, and the 
resulting anion is reacted with a carboxylic acid derivative of formula XII 
30 to yield direcdy a compound of formula I, or 30 

a T ) the pyrrolidone of formula XI is deprotonized at the nitrogen atom with a 
1 base, and the resulting anion is reacted with a carboxylic acid derivative of 
formula XII, in which R 2 is hydrogen, to yield a compound of formula 
XIII, in which R 2 is hydrogen, and the resulting acid is optionally converted 
35 > into an ester of formula XIII, * - ^ 

a 8 ) the alcohol protective group in a compound of formula XIII, in which R 8 
1 is hydrogen, is split off to yield a compound of formula I, in which R 2 is 
hydrogen, and this acid is optionally converted into a salt or an ester thereof, 
or 

40 a a ) the compound of formula VIII is deprotonized with a base, and the result- 40 

u anion is reacted with a carboxylic acid derivative of formula XII, in which 
R 2 is hydrogen, to yield direcdy a compound of formula I (R 2 =H), or 
bO in a pyrrolidone of the formula II 
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a 



y— nh 



an alcohol protective group R«, which can be easily split off under acid 
conditions, is introduced to yield a compound of the formula XIV 



% — NH 

( I M 

b 2 ) the pyrrolidone of formula XIV is deprotonized at the nitrogen atom with 
a base, and the resulting anion is reacted with an allyl halide to yield a 
pyrrolidone of the formula XV 



b 3 ) the so-obtained pyrrolidone of formula XV is ozonolyzed to yield an 
aldehyde of the formula XVI 



o. 

(xv) 

w 2 - — 



b 4 ) the so-obtained aldehyde of formula XVI is reacted with an ylide of the 
formula XVII 

(R 7 ) 3 P=CH(CH 2 ) a COOMe XVII 

in which n is defined as above, R 7 represents identical or different groups 
selected from straight chain alkyl groups of 1 to 4 carbon atoms and phenyl 
groups, and Me represents an alkali metal ion, to yield a compound of the 
formula XVIII 

(xvhO — < c „ z _ OR e 

and this compound is treated to set free the corresponding acid of the 
formula XIX 



tr 



in which formulae XVIH and XIX, n is defined as above, or 
b 4 0 the protected pyrrolidone of formula XIV is deprotonized at the nitrogen 
atom with a base, and the resulting anion is reacted with a carboxylic acid 
derivative of formula XII, in which R 2 is hydrogen, to yield a compound of 
formula XIX, J r 

b 5 ) the so-obtained compound of formula XIX is converted into the corres- 
ponding ester of the formula XX 



in which K* and n are defined as above, or 
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b 5 .) the protected pyrrolidone of formula XIV is deprotonized at the nitrogen 
atom with a base, and the resulting anion is reacted with a carboxylic acid 
derivative of formula XII to yield directly a compound of formula XX, 

b fi ) the protective group R° in the so-obtained compound of formula XX is split 
5 off under acid conditions to yield an alcohol of the formula XXI 

-ch 2 - ch=ch- (ch z ) % coo* * 



10 



15 



in which R 2 and n are defined as above, and then the corresponding acid 
is optionally set free, or # 

b e *) esterification of a compound of formula XIX as well as the splitting-off 
reaction of die protective group R 6 are carried out in. a single step, or 

b 6 „) the pyrrolidone of formula II is deprotonized at the nitrogen atom with a 
base, and the resulting anion is reacted with a carboxylic acid derivative of 
formula XII to yield directly a compound of formula XXI, or 

b ft ) the pyrrolidone of formula II is deprotonized at the nitrogen atom with a 
1 base, and the resulting anion is reacted with an allyl halide to yield a com- 
pound of the formula XXII 



b a ) the so-obtained compound of formula XXII is ozonolyzed to yield a com- 
2 pound of the formula XXIII or the cyclisized tautomer of the formula 
20 XXIV thereof 



l = OJ 



or 

b fl ) in a compound of formula XVI, the protective group R B is split off to 
2 ' yield also a compound of formula XXIII or XXIV, 
25 b fl ) the compound of formula XXIII or XXIV is reacted with an ylide of 

3 formula XVII to yield a compound of the formula XXV 

o 

J N~ CH Z - CH= CH- (Cfe )^ COOMe 

(xxv) \ I 

which is treated to set free the corresponding acid of the formula XXVI 
°y—N-CH 2 -CH=CH- (CHz)—COOH 

\h 2 oh 

30 and this acid is optionally converted into an ester of formula XXI, n in the 

formulae XXV and XXVI being defined as above, or 
b fl ) the pyrrolidone of formula II is deprotonized at the nitrogen atom with a 
3/ base, and the resulting anion is reacted with a carboxylic acid derivative of 
formula XII, in which R 2 is hydrogen, or 
35 b 6 ) in a compound of formula XIX the protective group R° is split off to yield 

3 " a compound of formula XXVI, 
b T ) the so-obtained alcohol of formula XXI is oxidized to yield an aldehyde of 
the formula XXVII 
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CHO 

in which R 2 and n are defined as above, and optionally the corresponding 
acid of formula XXVII (R*=H) is set free therefrom/ 
b a ) the so-obtained aldehyde of formula XXVII is reacted with a phosphonate 
of formula V to yield a compound of the formula XXVIII 



a 



7 H-CHrrCH^CH-CCH^^COOR* 

(xvvin) \ 



u 
o 



br) 

i 



in which R 1 , R a and n are defined as above, or 
b 8 .) a compound of formula X is deprotonized at the nitrogen atom with a 

£,f y^^u 8 anion b r f a ? ed ^ a carboxyhc add derivative of 
formula XII to yield a compound of formula XXVIII, m 

} JSwlft ^ b ^ com P° MdofformulaX XVni, the ketocarbonyl group is 
reduced to yield a compound of formula I, and this compound is omionaUv 
converted into me corresponding free add or a salt thereof, or 
a compopd of fonnula XXVI is oxidized to yield an aldehyde of formula 

S^S^J^H&Sl ? ^ aUehyde " ° Pti0naIly a »«* Bd 15 
b 8 ) an aldehyde of formula XXVII, in which R 2 is hydrogen, is reacted with 
a phosphonate of formula V to yield a compound of formula XXWII 
20 fomub XXVIII U or COmPOUlld * ° ptionally converted ^ ester of 

\ } a ti Om , p0und £ ^randa X . is de P r °tonized at the nitrogen atom with a base, 2 ° 
foil 6 £t ^-ST 1 ls -" a ^ J** a carboxyfic add derivative of 
formula XII (R*=H) to yidd direcdy a compound of formula XXVIII 
(K-H), 

» ™ii„T P ° Und ? f fo 7 auI 5 XXy 1 ^ which R' is hydrogen, the keto- 25 
S£?S?. gIOU P 1S „ reduced, and the resulting compound of formula I 
I* -il; is optionally converted into a salt or an ester thereof. 

cribedV^ ?n KpTe It rein" ^ * ^ 0Ut 88 des ' 

11. A compound of formula I as claimed in claim 1 the free add or a salt thereof v\ 
whenever produced by a process as claimed in any one of claims 8 to W 3 ° 
rUiJzi • P hamaceu : t, « 1 l preparation which comprises a compound of formula I as 
^aHer£f ?T.i l ° 5 ' * e fiee . add *«* a pWgically tolemble 
35 KLSw- / vf of ™° or . more such compounds, acids and salts, as active 
mgredient in admixture or conjunction with a pharmaceutic^ suitable carrieV 

injection or MuSn I**""*" as claimed in claim 12, in a form suitable for 
14. A pharmaceutical preparation as claimed in claim 13, in unit dosage fotm 

to < nS» ™ft D S? CeU 5 al P"*""*" as cIaim cd in claim 14, which comprises from 5 
to 5,000 mg of the active mgredient per unit dose 

5 to wn ™S^ aCeUt !- Cal P re P 3r . ation 35 clai *ed in claim 15, which comprises from 
5 to 500 mg of the active ingredient per unit dose. 

oral S&gSSF** Prcparad ° n 35 d * nBd " daim 12 ' fa 3 fom «*"* for 

18. A pharmaceutical preparation as claimed in claim 17, in unit dosage form, 
i t„ inn P ha , m J aceuncal Preparation as claimed in claim 18, which comprises from 
1 to 100 mg of the active ingredient per unit dose. 

i co A P*? 3 ™ 305 ™ 03 . 1 preparation as claimed in claim 19, which comprises from 
1 to 50 mg of the active ingredient per unit dose. P Irora 

local admtiSoT 11 ^ preparation 38 c,aimed fa daim 12 > *» 3 suitable for 50 
emulsfon V" 38 fa dain 21 * «* form * 3 ««. 
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23. A pharmaceutical preparation as claimed in claim 21, in the form of a spray. 

24. A pharmaceutical preparation as claimed in claim 23, wherein the spray is 
capable of administering unit doses of the active ingredient 

25. A pharmaceutical preparation as claimed in claim 24, wherein the unit dose 

5 comprises from 0.3 to 3,000 mg of the active ingredient. 5 

26. A pharmaceutical preparation as claimed in claim 25, wherein the unit dose 
comprises from 3 to 600 mg of the active ingredient. 

27. A pharmaceutical preparation as claimed in any one of claims 12 to 26, 
which also comprises one or more further active ingredients. 
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